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REMARKS MADE ON ACCEPTANCE 


OF THE PROCTOR MEDAL AWARD 


June, 1954 


Davip GLENDENNING Cocan, M.D. 
Boston, Massachusetts 


Mr. Chairman, members of the Research 
Association, guests, and most particularly 
those members of the secret committee 
charged with the award of the Proctor 
Medal, | am deeply grateful. To one whose 
professional life is an attempted compro- 
mise between research, teaching, clinical 
practice, and a minimum of administration, 
this occasion is a happy milestone. The 
doubts which | have on the wisdom of your 
selection are mo- 
mentarily overbal- 
anced by the satis- 
faction that any of 
us might have when, 
standing im  judg- 
ment before his col 
leagues and peers, 
he has been found 
not without merit. 

But | would has 
ten to add that this 
supposed merit is a 
virtue dependent as 
much or more on 
chance as on inher 
ent qualities. This 
award is in fact 
made to a congerie 
of circumstances which | happen to repre 
sent. These circumstances are too numerous, 
and many too personal, to enumerate fully, 
but | can't refrain from referring with 
gratitude to my predecessor in the Howe 
Laboratory, Dr. F. H. Verhoeff, whose un- 
compromising adherence to what he holds 
to be right has been my moral guide. Nor 
can | forbear mentioning my former asso- 
ciates, Dr. Elek Ludvigh and Dr. Everett 
Kinsey, and my several associates, espe- 
cially Dr. Morton Grant, on whose counsel 
I have depended heavily over the years. 

Awards such as this are said to have two 


possible effects on a person. They may make 
him grow in stature or they may make him 
merely swell. I pray that my lot may be the 
former for it is an exciting time in which 
to grow. Never before have the opportunt- 
ties and facilities been available to a com 
parable extent for one who is seriously im- 
terested in pioneering in research, The only 
question is how to reconcile the demands of 
research with the material and emotional de- 
mands of modern 
living. To be sure 
this must be an indi 
vidual matter, but it 
is perhaps the pre- 
rogative of one who 
has been through the 
mill, and made his 
full quota of mis- 
takes, to offer a few 
observations. 

In the first place 
| should like to set 
aside the popular 
misconception that 
research is a matter 
of test tubes and 
Geiger counters. 

The essence of in 
vestigation is originality, curiosity, and 
perseverance, and this applies to laboratory 
as well as to clinical research, Barriers 
separating the laboratory and clinical in- 
vestigations have naturally widened with the 
acquisition of new knowledge and special- 
ized techniques so that it is rare for any one 
individual now to encompass them both suc 
cessfully. Thus has come about the develop 
ment of the clinical research laboratory 
where the basic scientists and clinician may 
meet. | am proud to say that ophthalmology 
has been one of the leaders in the develop 
ment of this type of laboratory. Made poss 
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ble first through private beneficences and 
expanded more recently by government 
agencies, who can foretell what the future 
holds in store? All we can say at present is 
that this development has already had a 
profound effect on the teaching and research 
in this country. 

The problem facing the individual, par- 
ticularly the individual with academic aspi- 
rations, is how to acquire the broad training 
necessary for the general practice of oph- 
thalmology and yet acquire the advanced 
knowledge of one small phase in which he 
hopes to make an original contribution. 
Many budding clinicians believe they can 
accomplish this. by spending the spare time 
which they foresee in the early years of 
practice by working on some problem in a 
laboratory. It is my experience that most 
such high hopes come to grief. The attempt 
to learn research while conducting a prac- 
tice usually leads simply to unhappy frustra- 
tions. Perhaps it would be otherwise in a 
clinic where one can schedule his responsi- 
bilities effectively but not where private 
practice is concerned. 

On the other hand, if a person has learned 
the method of scientific enquiry and has 
identified himself in one field of research, 
however small, it is possible to pursue this 


with authority and savoir faire despite the 
demands of practice. Thus it seems to me 
of the utmost importance for those indi- 
viduals with academic aspirations to spend 
one or more years in a laboratory devoting 
their full time to research and teaching and 
to pursue these with the same vigor and 
enthusiasm that they pursued their clinical 
traineeship. This sacrifice of one or more 
years in the early stages of one’s training 
is small by comparison with the intellectual 
and humanitarian dividends which it is cer- 
tain to yield in later life. 

Finally, | would like to end by telling a 
story which has little bearing on the Proctor 
award other than that such an award gives 
rise to reflection on times past. It makes one 
speculate on how he would have done things 
differently. The story is that of a modern 
Faust who wanted to recapture his youth 
but instead of making a pact with Mephis- 
topheles he obtained some hormones from 
his physician. He was instructed to take 
one pill a day but being an impatient sort 
he took the entire box full of pills the first 
day. The following morning his family had 
a time rousing him. After being shaken vio- 
lently, he finally opened one cye and said 
“Alright, I'll get up but I won't go to 
school.” 
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At the time of this accounting in 1954, 
Dr. Cogan is the very active Director of the 
Howe Laboratory of Ophthalmology and 
Associate Professor of Ophthalmic Re- 
search, Harvard Medical School. He is also 
Chief of the Thursday Service and a Senior 
Surgeon of the Massachusetts Eye and Ear 
Infirmary, Director of the Eye Pathology 
Laboratory, and a member of the Editorial 
Board of the A.M.A. Archives of Oph- 
thalmology. He serves as consultant to 
numerous national and international organi- 


zations, including the National Research 
Council, the World Health Organization, 
and the National Society for Prevention of 
Blindness, as well as the Los Alamos Medi- 
cal Center, the U. S. Naval Hospital of 
Chelsea (Massachusetts) and the U.S.A.F. 
School of Aviation Medicine. 

Despite these various commitments, Dr. 
Cogan’s principal interest and activity is not 
in administering and advising but in actually 
carrying out experimental and clinical in- 
vestigation. In his few nonophthalmologic 
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hours, Dr. Cogan easily metamorphoses into 
a gentleman farmer and woodsman. At his 
southern New Hampshire farm, with the 
help of his wife and four daughters, he 
attacks the practical problems of primitive 
living with the same enthusiasm and in- 
genuity as he approaches the problems of 
ophthalmology in the laboratory. 

In arriving at his present status, Dr. 
Cogan may have been influenced in his 
youth by the example of his mother in her 
career as an ophthalmologist, and he may 
have been guided into righteous ways by the 
teachings of his father, a minister. Dr. 
Cogan was born at Fall River, Massa- 
chusetts, in 1908 and raised in this ex- 
emplary family background at Wakefield, 
Massachusetts. He graduated from Dart- 
mouth College in 1929 and from Harvard 
Medical School in 1932. Following intern- 
ship at the Chicago University Clinics 1932- 
33, and residency in ophthalmology at Mas- 
sachusetts Eye and Ear Infirmary 1933-35, 
he made a brief excursion into the private 
practice of ophthalmology under the auspi- 
ces of Dr. J. Herbert Waite, then Professor 
of Ophthalmology at Harvard. It soon 
became apparent to Dr. Cogan that the 
fascination of ophthalmology for him re- 
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lated to investigation rather than to appli- 
cation. He then joined his respected friend 
and mentor, Dr. F. H. Verhoeff, in the 
Howe Laboratory. From 1937 to 1938 Dr. 
Cogan studied in Switzerland, Germany, 
and Holland as a Moseley Traveling Fellow, 
accompanied and assisted by his wife, Dr. 
Frances C. Cogan, daughter of Dr. Joseph 
Capps, Professor of Medicine at the Uni- 
versity of Chicago. 

Dr. Cogan organized and established the 


Harvard Post-Graduate Course in Ophthal- 


mology, and in 1940 succeeded Dr. Verhoeff 
as Director of the Howe Laboratory of 
Ophthalmology. 

Dr. Cogan’s best known works have been 
on the physiology and pathology of the 
cornea, on cataractogenesis by atomic radia 
tion, and on the neurology of the ocular 
muscles. His list of publications reveals an 
even broader range of interests. Apprecia- 
tion for his work has been attested to not 
only by the personal admiration of his col 
leagues but also by the presentation to him 
of the Warren Triennial Prize in 1943, the 
award of the New England Ophthalmologi- 
cal Society in 1953, and now the Proctor 
Medal of the Association for Research in 
Ophthalmology. 
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16. Bullous keratitis; with particular reference to the pathology of experimental corneal vesiculation 
Arch. Ophth., 25 :941-968 (June) 1941. 
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A BRANCHED-PATHWAY SCHEMA FOR THE COLOR-VISION 
SYSTEM AND SOME OF THE EVIDENCE FOR IT* 


Gorpon L. Watts, Sc.D. 
Berkeley, California 


A seeming paradox in the workings of 
the visual system is the fact that the various 
types of cones make “equal” contributions 
to color, the while they make very unequal 
contributions to brightness. 

One says that in a white illumination the 
physiologic substrates of the chromatic com- 
ponents (prosensations) aroused by the re- 
ceptors are equal, in order to account for the 
fact that the sensation is achromatic. The 
assumption is necessary whether one ad- 
heres to the traditional view that whiteness 
is synthesized (from  redness-plus-green- 
ness-plus-blueness), or adopts the “excess 
hypothesis” according to which whiteness 
exists by default, when no prosensation ex- 

* From the School of Optometry, University of 
California. Read, in condensed form, under the 
title: “Severe heterozygous actions of color-blind- 
ness genes,” before the Association for Research 


in Ophthalmology, San Francisco, June 23, 1954. 


ceeds another so that the imbalance can 
result in a corresponding huedness (see 
Walls, 1952). 

(in the other hand when working primary 
lights are mixed to match serially the seg- 
ments of the spectrum, three curves of the 
intensities of the respective primaries 
versus wavelength are obtained. When these 
are manipulated to remove negative coeffi- 
cients, by being transformed to hypothetic 
primaries having high saturations and the 
hues assumed for the prosensations, and are 
made to sum up to give the photopic lumi- 
nosity curve, the areas under the three curves 
are very unequal. This is taken to mean that 
the respective receptor-types make unequal 
contributions to the brightness of a white 
light. The greenness receptor appears to 
make the largest contribution, the redness 
receptor a lesser one. The contribution from 


the blueness cone is so small that the vari- 
ations in the treatment of similar color- 
mixture data by individual investigators 
have sometimes made it appear to be zero 
or even weakly negative (implying an in- 
hibitory action of the blueness receptor upon 
the brightness activities of the other two 
types). 

Studies of data other than those of color 
mixture have led to proposals of even 
greater inequality of the brightness roles of 
the color receptors. For a period, Arthur 
Konig even thought that all of the photopic 
brightness was given via the redness recep- 
tor. Some have even taken seriously, as 
physiologically meaningful, the arbitrary as- 
signment of all brightness to the greenness 
receptor in the C.I.E.* system of colorim- 
etry. 

In every such schema, however, it will be 
found that any chromatic valence curves 
exhibited have equal integrals, equal areas 
beneath them, to preserve the three-com- 
ponent theory's explanation of “white” sen- 
sations (see for example Thomson and 
Wright, 1953). Assignment of all bright- 
ness to some one receptoral system is not, 
however, something to which only the three- 
component theory has ever been forced. The 
paradox emphasized in this introduction 
existed also for Hering, in whose original 
theory the red-green and yellow-blue recep- 
tors yielded chroma but no brightness—the 
latter all being given by a third, black- 
white, receptor. 

This paradox has long seemed evidence 
for some degree of independence in the 
anatomicophysiologic mediation of photopic 
brightness and of chromaticness (that 1s, 
color per se, a hue at a saturation). It is, 
however, only a part of the evidence for 
somewhat separate, somehow separate, 
brightness and chromaticness mechanisms. 

The “flicker” photometer is an interesting 
instrument which operates on a_ principle 
*C.LE. abbreviates Commission International 


d’ Eclairage, the international standardizing body for 
photometry, colorimetry, and radiometry. 
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which everyone can expound and no one can 
really explain. If two illuminations of dif 
ferent color and unequal intensity are alter- 
nated in a single area at an increasing rate, 
their colors combine into a unitary steady 
color at a relatively low frequency, with 
their brightnesses still unfused and causing 
“flicker.” This is eliminated by adjusting the 
intensity of one of the lights without any 
further the 
whereupon the two intensities can be pro- 
nounced photometrically equal. It goes over- 
looked by the photometrist (since the pro- 
cedure would defeat the purpose for which 
he uses the instrument) that if the original 
intensities were left unchanged, the bright- 
ness flicker which remains after the chro- 
maticnesses have fused could be eliminated 


increase of alternation-rate, 


by raising the alternation-rate to a critical 
frequency. lor chromatic flicker to be elim 
inated at one frequency and for bright- 
ness flicker to “fuse” only at some higher 
frequency is prime evidence for an inde- 
pendence of physiologic mediation. 

The binocular integration of chromatic- 
nesses also behaves differently from the 
combination of brightnesses. The latter, in 
themselves, never “rival” (though the 
lightnesses of surface which are 
brightnesses relative to surround brightnes- 
ses, can do so). In binocular rivalry of 
forms, there is usually either a mosaic as- 
pect or, if the forms are simple, all-or-none 
replacement of one eye’s material by the 
other's. The colors of haploscopic areas in- 
stead rival by “wiping each other off” of 
the area for which they are contending. 
When the hues and saturations of hetero- 
half-images are such that they 
cannot be fused, it will always be found 
that any textural landmarks on both mo 
nocular stimulus-areas are all visible con- 
tinuously during the rivalry of the colors, 
showing that the brightness aspects of the 
half-images are being held combined im a 
stable manner. When the members of a 
stereo-pair of configurations are of two un 
fusible colors, it will be found that stereo 


colors, 


chromatic 
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scopic depth and tridimensionality is seen 
continuously even while only one of the 
colors or the other monopolizes conscious- 
ness. 

The investigator who has been most inter- 
ested for the longest time in the puzzle of 
the independence of brightness and chro 
maticness is, undoubtedly, Henri Piéron. 
One may suppose that he has put into 
his recent book (1952) all of the evidence 
he can find for independence, for he would 
wish to put in the best light the solution he 
himself offers for the puzzle. In the book, 
| have been able to find the following points 
made: Individual requirements of the inten- 
sities of the red, green, and yellow lights 
for a color-match in an anomaloscope do not 
correlate with the individuals’ luminosity 
curves. Anomaloscopic mean intensities do 
not correlate with purity limens for the 
wavelengths used in the instrument. Mean 
anomaloscopic red-green ratios do not cor- 
relate with the individual observer's spectral 
locus of “purest yellow.” “Chromatic fa- 
tigue” is much more rapid than brightness- 
wise adaptation. A subject may have a nor- 
mal luminosity curve and abnormal color- 
mixture data in spectrum gauging, while 
another subject may have orthodox color 
mixture data and an abnormal luminosity 
curve, The slightest of cortical lesions may 
impair or abolish color vision leaving intensi- 
tive vision normal; and, during recovery 
from an injury which has caused temporary 
hemianopia, there may be a_ hemiachro- 
matopsia. 

In résumé, the things which Piéron has 
found himself and quotes from others, to- 
gether with the independence of chromatic- 
ness and brightness in binocular fusion and 
rivalry, the distinctness of their critical 
flicker fusion frequencies, and above all 
their differing quantitative constitution from 
the offerings of the retinal receptor-types, 
make an impressive case for separate media- 
tion.* 

In turn the most impressive hypothesis 
regarding a mechanism for the separate 
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mediation is that of Henri Piéron’s recep- 
toral tetrad, which is most fully expounded 
in his book. The proposal in brief is that 
there are three “chromatic” kinds of cones, 
each with its own photochemical substance, 
hence having a uniquely shaped absorption- 
spectrum curve. Lach contributes a prosen- 
huedness to sensation—redness, 
greenness, or blueness—-but, no brightness. 
All photopic brightness is given by a fourth 
“achromatic” type of cone. This contains all 
three photochemical substances, but in an 
imbalance of relative concentrations which 


sational 


gives the absorption curve of the cone-as-a- 
whole the shape of the photopic luminosity 
curve of the eye. 

Piéron has had to complicate this simple 
idea immensely, with a maze of hypothetical 
interconnecting retinal circuits which enable 
various receptors to exert inhibitions im 
various ways, in order to make his system 
appear workable. But there is a fundamen- 
tal objection to be made to the simple idea 
itself. This is, that it resolves one paradox 
only to create another. The thresholds found 
in the various kinds of visual discrimination 
which are all only special cases of intensity 
discrimimation——the kinds of visual acuity 
we call resolution, vernier acuity, the angu- 
lar acuity of visible motion, stereo-acuity 

are entirely too small to account for if 
only about one out of every four of our ret- 
inal cones can contribute to brightness and 
can share im spatial vision. On the other 
hand the data of the areal thresholds for 
chroma are too fine to explain if only some- 
thing like three-fourths of the cones con 
tribute to color. 

There ts more than a little similarity to 
Pieron’s idea of separate brightness cones in 
Granit’s (1947) dominator-modulator hy- 
pothesis of the organization of the retina. 
While | have elsewhere explained why 
Granit’s modulators need not have anything 


* And emphasize the unwisdom of official inter- 
national colorimetry im insisting that brightness 1s 
a dimension of color itself, making photometry a 
mere branch of colorimetry 
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to do with color vision (see Walls, 1953), 
let us here allow Granit to say what they do. 
kach modulator system of the retina is an 
optic-nerve fiber into which funnel receptors 
of a single type, having a narrow and specifi- 
cally located spectral absorption curve. A 
given type of modulator arouses a specifically 
but no bright- 
ness. All brightness is aroused by domina- 


hued component of sensation 


tors. A photopic dominator system also con- 
sists of an optic nerve fiber and all the reti 
nal elements connected with it, but with the 
receptors concerned representing a full set 
of all of the types present in isolation m the 
various modulators. This makes it possible 
for the dominator mechanism to respond 
throughout the spectrum, in quantitative ac 
cordance with the ordinates of the photopic 
luminosity curve, just as Piéron’s photo- 
chemically “mixed,” purely brightness-giving 
cone is able to do in a far simpler way. 
The same objection, stemming from the 
embarrassing facts of the visual acuities, 
and so forth, applies to Granit’s schema as 
to Piéron’s.* The dilemma upon which both 
of these most modern hypotheses are im- 
paled, together with all cruder ideas offered 
in the -past along similar lines and now of 
only historical interest, can be avoided only 
by a proposal which allows each type of cone 
to make a contribution to chromatieness and 
also to make a contribution to brightness, 
with the redness, greenness, and blueness 
cones contributing to color per se im one 
triple ratio (say 1:1:1) but simultaneously 
making contributions to brightness in a to- 
tally different triple ratio (say, 4:5:1). 
Just such a proposal was made, in words 


* Moreover the dominator-modulator mechanism 
is quite unworkable for the rod-free area of the 
fovea. There is no histologic funneling there which 
could represent the combination of several modula 
tor receptors into one dominator systemyy—and yet, 
photopic brightness is certainly not lacking. Piéron’s 
receptoral-tetrad schema can avoid this same sort 
of difficulty only if he lifts its switchboard of cross- 
connections entirely out of the retina and places it 
in the cortex. Foveal cones, their bipolars, and 
their ganglion cells simply do not have any such 
intraretinal cross connections. 


only, by Walls and Mathews in 1952. [ am 
now prepared to amplify it and to illustrate 
it with diagrams. The evidence for any 
theory consists of the facts it is capable of 
explaining. In the case of the branched- 
pathway hypothesis, most of the facts relate 
to the color-blindnesses. | am one of those 
who, convinced that each kind of hereditary, 
congenitally defective color-vision system, 
represents a normal system minus something 
(or -things), belleve in allowing the color 
blindnesses to mold a schema for the normal 
This 
point of view has a long history tracing 
back before Helmholtz to the earliest work 
of James Clerk Maxwell, and it is every bit 


into which they will, necessarily, fit. 


as respectable, scientifically, as the thests 
that 
normal system by studying only normal 
subjects. The branched-pathway theory, it 
will be seen, owes a special debt to a hand. 


one can work out the details of the 


ful of cases of seriously defective color 
vision in persons who “theoretically” should 
be normal 
one gene for any one kind of color blindness. 
The interpretation of the first of such cases 
seen in our laboratory was what forced 
Walls and Mathews (1952) to the concep 
tion of branched pathways in the first 
place. No case seen since has failed to be 


they are women who have only 


capable of being fitted into the schema. 

The schema in its present form is ex 
hibited in Figure 1. This ts not an anatomic 
diagram, but a physiologic one. The bright 
are not 


and chromaticness stations 


“centers” but populations of elements which 


ness 


may be in the retina or may be in the 
cortex. The pathways shown traveling up- 
ward from the receptors are not fixed in 
size. Most would expand and contract vari 
ously with various chromatic illuminations 
of the receptors, since they are streams of 
nerve impulses. In particular the impulse 
flux arousing brightness from rod activity 


would be huge in scotopia. 

The three color-cone types are considered 
to contain respective photochemicals L, M, 
and S. These have their absorption peaks in 


“ty, 
Vv 


(protege | 


Fig. 1 (Walls). Schema for normal color system. 


the longwave, middle, and shortwave moieties 
of the spectrum. The R cone, responsible 
for the KX prosensational process which in- 
troduces redness into the sensation when 
allowed to (that is, when it is not the least 
prosensation or the only one present), nor- 
mally contains a little S. This causes the 
familiar secondary shortwave peak on the 
curve of the distribution of R along an 
equal-energy or a white-light spectrum. The 
capacity of R to synthesize this S is pre- 
carious, for it promptly disappears nearly or 
quite completely in even mild protanomaly, 
in deuteranopia, and in tritanopia. The R 
cone is thus somewhat abnormal in almost 
all kinds of color blindness and not only in 
the protanoid defects. 

The sharing of conducting pathways by 
rods and (exclusively or at least largely) B 
cones explains the bluishness of scotopic 
“white”: a few impulses from the then 
strongly active rods can leak up the blue- 
huedness pathway, and these are somehow 
not wholly kept from chromatizing the sen- 
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sation by the “excess” mechanism.* Such 
sharing is logical enough. If some cones are 
to transmit over some of the same fibers 
that carry rod messages, it is the B type 
which can best be doomed thus to diffuse 
connections at various levels; for, playing no 
material role in intensitive vision, the B 
cones have no responsibilities with regard 
to the faithful point-for-point transference 
of the optical retinal image to the cortex and 
consciousness, Only an optic-nerve fiber, and 
never a single receptor out of many con- 
nected therewith, can have a “local sign.”’ 

The main bifurcations of the impulse- 
fluxes may well occur within the retina it- 
self, although the evidence for this does not 
yet seem overwhelming. In the interest of 
economizing on conductors, it would seem 
better for the system to accomplish the bifur- 
cations as close to the cortex as possible, or 
within it. On the other hand, some rare 
color-visual defects that must involve the 
pathways rather than the receptors can oc- 
cur monocularly but have not been found 
to occur hemianopically-——as though most of 
the features of Figure | were retinal as to 
locus. And, the selfsame optic-nerve fiber 
might very well carry both encoded bright- 
ness and encoded chromaticness messages. 
The on-effect in an on-off fiber might con- 
note brightness while the off-effect (already 
known to be subdivided; see Walls, 1953) 
may signal hue-and-saturation. 

I assume that the relative fluxes entering 
the “brightness pool” are quite directly de- 
termined by the photochemical concentra- 
tions in the receptors. The assumption 1s 
bolstered by independent evidence that the 
concentration of S in B cones is far lower 
even at maximum than the concentration of 
M or L (Walls and Heath, 1954). Indi- 
vidual differences in the luminosity curves 
of normals would thus primarily express 


* Ordinarily, when only one prosensation is acti- 
vated, there is no hue in the sensation since there is 
no other prosensation. for the given one to exceed 
(Walls, 1952; Walls and Mathews, 1952; Walls 
and Heath, 1954). 
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small differences in the relative concentra- 
tions of L and M, as may local differences 
in the retina of the same individual. 

The relative fluxes starting toward the 
chromaticness blending station can be as- 
sumed to be in the same triple ratio as the 
three brightness messages.* The chromatic 
branch from B must, then, pass through an 
amplifier however, in order to bring B up to 
par with & and G. There may be amplifica- 
tion also in the KR pathway (since only the 
largest, G, would certainly not need any) ; 
but I have taken the liberty of suggesting 
that the diversion of some potential G flux 
to the production of a little B by the G cone 
cuts down the definitive G to neat equality 
with RK and B in the neutral, white-light 
situation. 

This twig from the G cone to the B com- 
partment seems necessary to assume for 
several reasons, Without it, it is very difficult 
to explain the low saturation of spectral 
yellow, since the consensus is that the B 
cone has no responsivity to wavelengths 
longer than the yellow-green. The twig 
makes unnecessary the desperate resort of 
no less than three sets of investigators, who 
have independently suggested that R can 
desaturate G and vice versa when only these 
two prosensations are activated, with both 
RK and G nevertheless entering mto the hue 
and making it yellow or at least yellowish 
(see Walls and Mathews, 1952). The slight 
yellowishness of even extreme longwave 
spectral red is similarly accounted for, for 
while under the excess hypothesis the hue 
there should be that based upon FX itself if 
only KR and G are present with F& in excess, 
the G can influence the hue (by entering 
with some # into the synthesis of some Y ) 
if there is even a little B “beneath” it. 


* But they need not be. If each bifurcation occurs 
in a synaptic bed, there is no reason why the 
branches beyond the bifurcation must be equally 
large. Relative “amplification,” or its antithesis, of 
either branch could be brought about by multipli- 
cation or minification of paths in the reciprocal- 
overlap organization of any synaptic bed. 


When it is understood—from the G-to-B 
twig——that the total B valence curve is com- 
pounded, from a large “By,” contribution 
from the B cone and a small “B,” aroused 
by the G cone (and proportional, at any 
wavelength, to G itself), it is seen that the 
chromatic contribution from the G cone is 
as if the greenness sensory component of 
colors were not a pure green but-a some- 
what bluish green, a 5G and not a G. This 
seems to explain why in acquired “tri- 
tanopia,” as may occur with retinitis or de- 
tachment, the knocking out of the B cone and 
of most or all S-synthesis does not eliminate 
all bluishness from sensation: the average 
victim of acquired “tritanopia” finds that 
the one hue remaining to him at the short- 
wave side of his yellow neutral point is a 
blue-green. 

Lastly, the G-to-B twig explains why a 
deuteranope’s neutral-point wavelength is so 
close to a protanope’s. If deuteranopia ts 
indeed a “collapse” dichromasy in which the 
R and G cones both contain L and no 5, the 
deuteranope’s 2, curve will lie redward from 
the normal’s since it is shaped by the prop- 
erties of L and not M;; so, the total B curve 
will lie lower where it intersects KX and the 
intersection will not lie far from where B 
and G intersect in the protanope. In my 
special pseudo-deuteranope, V.P. (to be 
reported herein), the lack of any B, moves 
her neutral point even farther violetward, so 
that it lies in the no-man’s-land between the 
lowest value for any deuteranope (out of 
more than 50 studied so far) and the high- 
est value yet found for any protanope 
(among, again, more than 50). 

The modifications of the normal schema 
necessary to depict the standard dichromasies 
are given in Figures 2 to 4. Each is quite 
in line with orthodox suppositions as re- 
gards the underlying bases of these condi- 
tions. Under three-component theory, they 
are each readily interpretable as having the 
basic defect at the receptoral level. 

The protanope (fig. 2) lacks R’ cones 
completely, hence suffers a substantial loss 


pretoprqments 


livmnetion) 


Fig. 2 (Walls). Schema for a protanope. 


of brightness (which is more and more 
conspicuous as wavelength increases), and 
cannot experience redness. His only hues are 
those relating to G and B, separated by the 
neutral point where neither G nor B can be 
in excess, and with each prosensation serv- 
ing only as a desaturdnt in the half-spectrum 
where it 1s the lesser one. 

The deuteranope (fig. 3) has the magni 
tudes of RK and G forever “equal” (or at 
least in a fixed ratio) since R and G both 
contain only L. (very likely in equal con- 
centrations since his luminosity curve ts 
claimed to peak a little redward, on the 
average, from the normal’s). His only hues 
are yellow and prosensational blue, with 
spectral saturations determined just as they 
are in the protanope. 

Congenital tritanopia appears to have been 
proved to be, like protanopia, a “loss” sys- 
tem (Wright, 1952; Thomson and Wright, 
1953). With no B cones and no B path- 
way or other mechanism (fig. 4), the only 
possible hues are prosensational red and 
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green, with each prosensation capable of de- 
saturating the other when it is the lesser, 
and with a neutral point where the two are 
equal.* The luminosity curve should be about 
as little abnormal as a deuteranope’s, since 
the loss of the B cones should not alter it 
materially. The probable situation in acquired 
“tritanopia”’ is shown in Figure 5. 

While the common dichromasies and the 
normal trichromatic system can thus all be 
represented by branched-pathway diagrams 


* The congenital tritanope’s neutral point is at a 
wavelength about 10mm shorter than that at which 
the normal finds his purest yellow. If the tritanope’'s 
R cone contains extra L replacing the missing S, 
the RK valence curve will be elevated and its inter 
section with the G curve (determining neutral-point 
position) will be displaced a bit violetward into the 
(normal’s) yellow-green region 

There are indications, to be seen in the work of 
Wright (1952), that the congenital tritanope really 
has a second neutral pomt very near the violet end 
of the spectrum. This would mean that his R cone 
is not entirely devoid of S, and that the shortwave 
hump of the KR curve is still present although very 
low, and manages to intersect the G curve before 
both reach the baseline at the commencement of the 
ultraviolet. 
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which are perfectly compatible inter se, | 
wish to reiterate that the whole branched 
pathway idea arose from studies of uncom 
mon conditions, namely the unexpected states 
of affairs that can occur in females hetero 
zygous for sex-linked color-blindness genes. 
It 1s to these that we now turn. 

It is well known that many of the genes 
in the human X chromosome are concerned 
im one way or another with responsivity 
to light, and that most or all of these genes 
have some penetrance so that the normality 
allele of each ts imperfectly dominant. The 
heterozygote for protanopia, protanomaly, 
deuteranopia, or deuteranomaly is perhaps 
never perfectly normal. Such “carriers,” at 
least statistically, have elevated purity hi 
ranges of anomaloscopie 
matching, and torth Walls 
Mathew 3 1952). It is not at all possible to 
identify clinically every imdividual carrier, 


mens, widened 


and 


hence it 1s not possible to assure every seem 
ingly normal girl that she cannot have color 
blind sons. 
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Fig. 4 (Walls). Schema for a congenital tritanope 
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Fig. 5 


female who cannot be 
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homozygous for any color-vision defect ts 


mal 


nevertheless seriously color blind. Such a 
female, if her tather is color-normal, can 
only be heterozygous--obtarmng her one 
deficiency gene from an also heterozygous 
mother who is phenotypically normal. There 
should be an equal number of seriously de 
fective, but merely heterozygous, daughters 
of defective fathers and homozygous-normal 
mothers. Such a female would usually be 
hard to identify as a heterozygote if one 
had to try to prove that her mother could 
not be a heterozy vote, 

Since the original discovery of these 
“manifesting heterozygotes” for deuterano 
pia, protanomaly, and so forth, it has been 
universally assumed that each one is truly 
manifesting the very defect for which she 
is heterozygous. Results with pseudisochro 
matic chart tests, or even with an anomalo 
scope, would not lead the average investiga 
tor to suspect anything else. It also seems to 
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be generally assumed that heterozygotes for 
any given defect must form a continuum, 
from a large majority who cannot be found 
to be even slightly abnormal by any availa- 
ble test down to a tiny number who show the 
defect in full bloom as if they were homo- 
zygous for it. | suspect that both of these 
generalizations are completely wrong. 

In every hundred men, on the average, 
there are five deuteranomals, a deuteranope, 
a protanomal, and a protanope. Since a fe- 
male has two X chromosomes where a male 
has only one X and a Y, the opportunity is 
twice as great for a female to have an 
X-linked defect-gene as for a male to have 
one. Eight percent of males are color blind 
in the common ways; but an amazing 16 
percent of females—one woman in six— 
are carriers. The clinical normality of nearly 
all of these is obvious to anyone. 

Of the 16 carriers among every 100 
women, 12 carry deuteranoid defects. None 
of these, as an individual, can be identified 
at present as a carrier from anything about 
her own vision (unless she is the rara avis 
who seems to be deuteranopic or perhaps 
deuteranomalous ). With the one carrier in 
four who is heterozygous for a protanoid 
defect, the situation is different. Prot- 
heterozygotes do not form a continuum 
between normality and “protanopia” in re- 
spect of their color vision, but a large ma- 
jority are easily identified by their brightness 
vision. 

When one has a male protanope in hand, 
one knows that his mother must have at least 
one gene for protanopia—he could not have 
gotten one from his father and still have 
been male himself. If the mother is living 
and available for testing, the chances are 
ponderous that nothing wrong will be found 
with her color vision: she will pass the 
Ishihara or the American Optical chart test 
without error, will set the anomaloscope 
within normal limits, will describe a normal 
RDP* (Walls and Mathews, 1952), and 


* Receptor-type distribution pattern. 


will have no family reputation for errors in 
color identification and matching. 

But if a few points are obtained on her 
photopic luminosity curve it will probably 
be found that she has a depression of long- 
wave brightness. As a rare extreme her 
luminosity curve may be exactly a protanopic 
one instead of “halfway” between this and 
a normal one. 

This phenomenon has been called for 
short, after its discoverer, “Schmidt's sign” 
(by Walls and Mathews, 1952). The under- 
lying situation is depicted in Figure 6. In the 
prot-heterozygote who reveals herself by 
showing Schmidt's sign, the redness recep- 
tors are not lacking as they are in a prota- 
nope, nor reduced in numbers and photo- 
chemically abnormal as in a _ protanomal. 
They are normal, and normal in numbers, 
which is why the Schmidt’s-sign female is 
not a protanomal although she seems to have 
the luminosity curve of one. Rather, the 
defect she does have is at the pathway level. 


Schmidt's Sign 
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Fig. 6 (Walls). Schema to illustrate the 
phenomenon of Schmidt's sign. 
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The brightness branch of the R-cone path 
is somewhere, somehow, impaired so that it 
carries a reduced flux of impulses. Nothing 
else is wrong—-but this is enough to dim 
for such a woman any yellow light, more so 
an orange, and particularly a red_ light, 
while leaving her color vision completely 
undisturbed. 

The first—to my knowledge——“completely 
manifesting’ heterozygote for a sex-linked 
dichromasy to be identified in this country 
was bL. L., first described by Walls and 
Mathews (1942; as Ba. L.). She is a dichro- 
mate with a color-normal father, but for her 
the question of whether her putative father 
is her real one or not does not even arise. 
lor, B. L. is one of a pair of monozygotic 
twins and her otherwise identical sister is 
color-normal. Both of the girls and their 
mother show Schmidt’s sign and one mater- 
nal uncle is a perfect protanope (fig. 7). 
There can be no doubt that B. L. bears one 
gene for protanopia and no other color- 
defect gene. 

B. L. suffers no more longwave depres- 
sion of her luminosity curve than does her 
sister or the mother. If she were a genuine 
protanope she would lack R cones and would 
then exhibit a protanope’s luminosity curve. 
Her R cones instead are as normal in num- 
bers as her sister's or her mother’s. But, 
though she obtains some brightness from 
their activity (as much as her mother and 
her color-normal sister do), she obtains no 
redness. The situation must be as shown 
in Figure 8. The receptor layer is normal 
but one entire color-component has been 
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Fig. 7 (Walls). Pedigree of B. L 
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Fig. 8 (Walls). Schema to illustrate 
B. L.’s color vision 


knocked out “centrally” through failure of 
a “redness” branch to develop at all. B. L. 
consequently has the color vision (but not 
the brightness vision) of a protanope, with 
the same two and only two hues in her spec- 
trum. Her neutral-point wavelength is pre- 
cisely at the mean protanopic value: 
2491.2mp (with respect to a [lumi 
nant C “white’’). 

The situation in Schmidt’s-sign prot- 
heterozygotes in general and B. L. in par- 
ticular convinced Walls and Mathews of a 
branching of the path upward from at least 
the R cone. Similar bifurcations of conduc- 
tion from G and B cones remained mere 
assumptions at that time. Shortly, however, 
V. P. came to light. 

I learned of V. P. through a former col 
lege teacher of hers who had confirmed her 
flagrant color-defectiveness with an Ishihara 
test and had lent her the book with which 
to test her family during a vacation period. 
She reported back that her brother, sister, 
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Fig. 9 (Walls). Pedigree of V. V. 


mother, and father were all normal (fig. 9). 
This seemed impossible unless V. P. were 
a “manifesting” heterozygote for some sex- 
linked defect, or else homozygous for some 
autosomal and recessive type of color blind- 
ness. Yet V. P. was not an achromate, nor 
was there any suspicion that she was a 
tritanope. 

| was able to study the immediate family 
with the methods of Walls and Mathews. 
V. P. simulated she 
dichromatic but had a clinically normal lu- 
minosity curve. But two things made her 
different from any known genuine deuteran 
ope: her neutral point lay between the deu- 
teranopic and protanopic wavelength bands 
(see above), and she described an RDI 
of normal configuration and used the word 
“red” for its color, whereas a true deuteran 
ope such RDP Walls and 
Mathews, 1952). These points were enough 
to make it seem unnecessary to question her 
mother’s morals. 


deuteranopia was 


secs no (see 


\. P.’s mother is inescapably a heterozy 
gote for deuteranopia, for this woman's 
father, when eventually tested, proved to be 
a perfect deuteranope with no RDP and 
with an orthodox neutral point § (at 
A496, ly). 

The mother could have had no additional 
gene for some other defect in her other X 
chromosome, to give to V. P. instead, or her 


son would have received that gene and would 


not be color-normal as in fact he is. V. P., 
then, is a simple heterozygote for deuter- 
anopia. Her RDP being normal, there is no 
reason to suppose that her retinal receptor 
layer is in any way abnormal, let alone ab- 
normal in the way a real deuteranope’s is 
(fig. 3; cf. tig. 1). 

On the other hand, with the “precedent” 
set by B. L. in mind, it ts casy indeed to 
account for V. P.’s visual peculiarities by, 
again, a pathway defect: she has simply 
never developed the greenness branch of her 
G-cone path (fig. 10). This renders her 
dichromatic, but should make the two hues 
in her subjective spectrum blue and red 
whereas those of a genuine deuteranope are 
known to be blue and yellow (from “uni- 
lateral” cases, where one eye has near- 
normal color vision). 

Neither B. L. nor V. P., then, actually 
does manifest phenically the defect for which 
she harbors one gene. Essentially this is 
because when one defect-gene in a female 


Fig. 10 (Walls). Schema to illustrate 
V. P's color vision. 
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does have a severe action, it attacks the path- 
ways of the color system and not the recep- 
where that same gene, in a male, or 
doubled in a homozygous female, would 


operate. Such a difference in site of action 
appears to be without precedent in the 
physiologic genetics of any known animal 
organism. And, it is clear that without the 
branched-pathway schema here hypothesized 
for the normal, it would be difficult to ex- 
plain the sparing of color and the reduction 
of brightness in Schmidt's sign, or the se- 
lective destruction of a huedness with spar- 
ing of the associated brightness in V. P. or 
in B. L. 

No exact tritanoid counterpart of B. L. 
or V. IP. has been seen. But, “impairment” 
of B-cone brightness would hardly be de- 
tectible, and absence of the blueness path- 
way would be indistinguishable from homo- 
zygous tritanopia. We shall shortly see, 
however, that “manifesting” heterozygotes 
for tritanopia may be identifiable all the 
same—they may be what the scientific world 
has been calling tetartanopes. 

It appears proved that the gene for pro- 
tanopia and its normality allele are inter- 
changeable at one locus in the X chromo- 


some, with the deuteranopia gene and ifs 
normality gene interchangeable at a separate 
and distinct (though not distant) locus im 
the chromosome (see Walls and Mathews, 
1952). It is consequently possible for a 
woman to be heterozygous for both pro- 
tanopia and deuteranopia at once, having 
a gene for one defect in one X chromosome 
and a gene for the other in the other X—-or, 
even, both defective genes in one X and 
normality alleles at both loci in the other. 
heterozygote” 
defect- 


Any such “compound 
should be 
gene, present in her alone, would leave her 


normal). Only four such double carriers of 


color-normal (if either 


protanopia and deuteranopia have ever been 
described. The first was identified by her 
having produced both protanopic and deuter- 


anopic sons. She herself was either normal 


or at most only mildly anomalous (Gothlin, 
1924). Another, stuched by lrances 
chetti (1949) and found to be perfectly 
color-normal, was the daughter of respec 
tively protanopic and deuteranopic parents 
and hence inevitably a compound heterozy- 
gote. A third, diagnosed through the fact 
that her only children (two sons) were 
compound hemizygotes—-with color systems 
combining protanopic and deuteranopic ef 
fects---was described by Walls and Mathews 
(1952); she was color-normal by every test 
except for a deuteranomaloid mean setting 
on the anomaloscope. 

Interest 
case, who, instead of being normal, was to 


here centers upon the fourth 


tally color blind. This was a woman desig 


‘nated “2” by Hylkema ( 1942). He did not 


understand her status, but thought her to 
be achromatic because she was a compound 
heterozygote. She had a protanopic son and 
a deuteranopic son. Her visual acuity and 
her brightness vision (as evidenced by criti 
cal flicker-fusion frequencies) were normal. 
She was not at all a “typical achromate” (see 
Walls and Heath, 1954) of the sort who has 
20/200 vision, photophobia, nystagmus, and 
a dystrophic macula. | make no doubt that 
she would have exhibited a Purkinje phe- 
nomenon and a normal (or Schmidt’s-sign) 
photopic luminosity curve, if Hylkema had 
looked for these features. 

2 is readily interpreted, and readily fitted 
into the branched-pathway schema for the 
which, if it is correct, all 


normal (into 


congenitally defective must be 
capable of fitting), if it only be assumed 
that F2 is, so to say, a combination of B. L. 
and V. P. If both of her two different defect 


genes have exerted the severe, pathway 


systems 


level action that each has had in one of 
those two girls, then her system ts as shown 
in Figure 11. Reduced to a single chromatic 
prosensation, and with this (under the excess 
hypothesis) incapable of colorizing her pho 
topic sensations, she is necessarily an “atypi 


cal achromate.” 
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Fig. 11 (Walls). Schema to illustrate 


color vision of F2, J. G. 


It does not seem to be essential for a color- 
blindness gene to be one for a dichromasy, 
in order for it to be capable of eliminating a 
color-component completely in a heterozy- 
gote as a rare phenomenon. Recently Weale 
(1953) published visual data for three 
“atypical” (normal acuity) achromates. Two 
were males and might each be explained 
variously, since for example the simultane- 
ous inheritance of either protanopia and 
tritanopia, or deuteranopia and tritanopia, 
should render the individual achromatic but 
leave his visual acuity normal or even a bit 
supernormal. Weale’s third subject was a 
woman, J. G., whose visual data set her 
apart in three or four respects from the two 
males. 

Fortunately Weale gave enough family 
data so that it can be seen that J. G. must 
be a compound heterozygote (fig. 12). With 
an extreme-protanomalous father, she could 
not but receive from him an X chromosome 
containing a gene for extreme protanomaly 


GORDON L. WALLS 


(which is allelic to protanopia and ordinary 
protanomalous trichromasy). But she could 
not have had a deuteranomalous son unless 
she has in her other X chromosome (re- 
ceived from her mother) a gene for deu- 
teranomaly (allelic to deuteranopia). The 
fact that her husband is color blind in some 
undiagnosed way has nothing to do with the 
interpretation of J. G. through her father 
and her son—in fact, it would not matter 
who her son’s biological father was. 

For J. G. to be achromatic must mean that 
effects just as severe as those F2 suffers can 
be exerted even by solitary genes for the 
sex-linked anomalous trichromasies. I could 
not draw separate diagrams for J. G. and 
2; Figure 11 suffices for both. The lessons 
to be drawn from B. L., V. P., F2, and J. G. 
are that things in the realm of color blind- 
ness are not always what they seem—and, 
that “manifesting” heterozygotes henceforth 
must not be assumed to be showing what 
they carry until they are proved to be doing 
so by means of an extensive battery of 
tests. 

The rarest of all the kinds of congenital 
color blindness is “tetartanopia.” In_ the 
world literature I can find only an even 
dozen cases which, under the most liberal of 
definitions, were tetartanopes. Scarcely any 
two have been exactly alike as regards even 
the incomplete data ordinarily available. For 
the case or two ever exhaustively described, 
there are no exact counterparts. It is this 


Weale's "J. G” 


Fig. 12 (Walls). Pedigree of Weale’s J. G, 
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individual variability of tetartanopia that I 
would stress first and foremost. 

In a “book”’ case of the condition, the indi- 
vidual finds two neutral points in the spec- 
trum, in the yellow region and in the blue. 
Between these he sees only one hue quality, 
presumably the normal’s G hue. The two 
end-regions beyond the neutral points are 
both red and wavelengths from both can be 
matched to each other by equating bright- 
nesses. 

Color-wise, the situation is exactly what 
would be predicted under the modern three- 
component theory if the B cone were to be 
missing as in hereditary tritanopia, but with 
the R cone remaining normal. The only 
prosensational valence curves then present, 
R and G, would intersect twice to produce 
the neutral points; and, with KX above G in 
both end-regions the only hue possible in 
either would be red. 

If the whole situation were this simple and 
had this basis, tetartanopes would be as much 
alike as protanopes are. But perhaps the 
most conspicuous thing that tetartanopes do 
have in common is a great and unpredictable 
departure from normal spectral luminosity 
distribution. For only about half of the cases 
were any dependable luminosity data ever 
obtained. In at least four of these the curves 
were characterized by two widely separated 
peaks, or one very abnormally located peak, 
or a greatly enlarged area, and so forth, It 
is in respect of their brightness vision that 
tetartanopes differ the most; and it is just 
this that cannot be explained by the absence 
of B receptors and an otherwise more nearly 
normal system than that of a tritanope. 

I shall offer here only an analysis of the 
one full description most comprehensible to 
me—that by Richardson-Robinson (1923), 
of the only tetartanope ever to be described 
from the Western Hemisphere, Mr. D, I 
have corresponded with him and I believe 
he is still living; but I have not been able 
to study him myself. Richardson-Robinson’s 
work with him actually leaves nothing to be 


desired excepting the obtaining of his entire 
photopic luminosity curve referred to an 
equal-energy spectrum, which she never did 
secure. 

Color-wise Mr. D. is a diagrammatic case, 
reporting only red at both ends of the 
spectrum and green in the middle, between 
neutral points in the expected places. But the 
brightest point in the spectrum of any con- 
tinuous source was always in the blue or 
violet. The major peak, if not the only one, 
in his luminosity curve is at about A466myp. 
Despite his inability to experience blueness, 
it is inconceivable that he lacks B cones 
since his photopic luminosity curve ts essen 
tially the absorption spectrum of a B cone, 
summed with greatly reduced curves for 
R and/or G cones, Most normals find the 
purest spectral blue at about A4470myp. 

While blue objects have no blueness for 
Mr. D., they have an intensitive property 
which would not be predictable from his 
luminosity curve alone. They are often 
brighter and whiter than 
This seems physically impossible when one 
remembers that no blue surface could ever 
reflect more of the energy in the blue wave 
length-band than a high-reflectance white 
Nevertheless when one rich 


white objects. 


surface does. 
blue paper was laid alongside a white paper 
before Mr. D., he called the blue one white 
and said that the white paper was dingy by 
comparison. On another occasion when the 
investigator had written him a note with 
blue ink on white paper, Mr. D. saw no writ- 
ing on it until he caught the light on the 
paper from an angle which showed up the 
marks made by the pen. For Mr. D., the 
particular ink and the particular paper were 
a brightness match. By contrast a protanope, 
who cannot see redness in red-ink writing, 
writing very plainly indeed—as 
Mixing the inks in their 


sees the 
black writing. 
bottles is an age-old trick played upon pro- 
tanopic bookkeepers ! 

No possible defect at the receptoral level 
could explain Mr. D. If we assume instead 
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Fig. 13 (Walls). Schema to illustrate 
color vision of Mr. D. 


that he has normal receptors and abnormal 
pathways, his system may be as shown in 
Figure 13. The amplifier is mislocated in 
the B-cone system so that the B cone makes 
much the largest contribution to bright- 
ness. Impairments like that which causes 
Schmidt's sign exist in both the R- and 
G-cone systems. The absorption spectrum 
of the S in the B cones is therefore the chief 
determinant of the photopic luminosity 
curve and accounts for its highly abnormal 
maximum in the blue region, together with 
normal spectral limits. What makes Mr. D. 
a tetartanope, however—a “blue-blind” or 
“blue-yellow-blind” dichromate——is the fact 
that any chromaticness flux that ought to 
be arousing a blueness hue component in sen- 
sation 1s somehow giving him instead extra 
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brightness. The diversion cannot occur be- 
tween the B cone and the brightness pool, 
else a white stimulus would be brightened 
as well as a blue one. For Mr. D. to see 
some blues as brighter than whites, the 
diversion of chromaticness flux so that it 
has a brightness effect must occur, as shown 
in Figure 13, high in the system. 

Just such defects may never have de- 
veloped in any other individual. The pornt 


is, however, that Mr. D. is a tetartanope 


and that his vision can be explained entirely 
at pathway levels without assuming anything 
but absolute normality in the receptor layer 
of his retina. This, be it noted, he shares 
with B. L., V. P., F2, and J. G. 

Those women are heterozygotes for sex- 
linked dichromasies and anomalous trichro- 
masies. If color-blindness genes of all sorts 
have their heterozygous actions (when they 
have any) on the branched pathways instead 
of on the receptors, then Mr. D. and any 
other tetartanope is under suspicion ot be- 
ing a heterozygote. A male cannot be heter- 
ozygous for protanopia, protanomaly, deuter- 
anopia, or deuteranomaly. But he can_ be 
heterozygous for tritanopia, for in Wright's 
abundant material it can be plainly seen that 
tritanopia is inherited like any simple reces- 
sive trait. Its gene locus is either in an 
autosome, or else in the homologous seg- 
ments of the X and Y chromosomes. Indeed, 
all known tetartanopes but one have been 
males (their number is too small for a 1:1 
sex ratio to be a reasonable expectation ). 

1 wish therefore to suggest that the gene 
for tritanopia, like that for any sex-linked 
color blindness, occasionally has a severe 
effect in a heterozygote; and, that when it 
does, it creates a “tetartanope.” 
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DISCUSSION 


De. Evcar Avexrpacn: You include the response 
of the rods in your general color perception sys- 
tem. Do you think that that accounts for a certai 
blue sensation in scotopic vision? 

Also, is there some connection with the so-called 
rhexlogenetic theory of Muller ? 

That is all I have to ask for the tome being about 
this theory, which is very exciting and which has 
to be digested 

De. Gernarp A. Beecner: think this particw 
lar paper is of very great interest. However, I 
would like to ask Dr. Walls how he can justify 
putting his schemes on a theory such as the three 
color vision theory of Helmholtz- Young, which has 
been gravely doubted by experimental data from 
Hering, Tschermak, and Granit 

The one thing | think should be emphasized is 
that there is a difference between brightness per 
ception and color perception as it was brought tor 
ward by Hering about 65 years ago, and as Granit’s 
data also have shown 

However, to base the entire work on an assump 
tion which is doubtful—I am not quite sure if one 
is justihed in going into these intricate schemes 
which Dr. Walls has presented to us 

De. Gorpvon L. Watts (closing) 
to Dr. Auerbach’s first question 


With regard 
Yes, the reason 


for showing the rods sharing pathways with the 
blue cones is for the purpose of helping to account 
for the fact that in scotopic illumination, feeble 
illumination below the cone threshold, white light 


is decidedly bluish, and it is easy to demonstrate 
experimentally that the hue of this bluishness is 
exactly that of the elementary blue sensation of 
photopic color vision. 

This is easily accounted for if we only suppose 
that im weak illumination a few impulses from the 
rods are able to leak mto the color system and 
establish enough blueness to tinge the white with 
that blue 

As tor his other question, | myself cannot see 
any relation between my own teas and the 
whole body of ideas wrapped up in G. EF. Muller's 
theory. 

The last question asked was essentially how | 
dare to place my scheme on a basis of an out 
moded, rejected theory of color vision. | am afraid 
the questioner misses the point that | am trying to 
defend the three-component theory, and that every 
thing | have found and seen so far fits that theory 
and no other 

My branched pathway schema is laid on the 
three-component theory as a basis because it bears 
it out. | would challenge him or anyone to miterpret 
these instances of total loss of one color component 
im these heterozygotes in terms of any other theory 

It is true that the so-called Young-Helmboltz 
theory, the three-component theory, has lost ground 
in recent decades, but this is due largely to the 
inalnlty of people to appreciate the best of the evi 
dence tor it, and to see the hig holes in some of the 
other theories. 


THE PARTICIPATION OF DIFFERENT TYPES OF CONES IN 


HUMAN LIGHT AND DARK ADAPTATION* 


EpGarR AUERBACH,’ M.D., anp Georce WaLp, PH.D. 
Cambridge, Massachusetts 


Though it is generally conceded that nor- 
mal human color vision requires the presence 
in the retina of at least three different types 
of cone, it has proved very difficult to dem- 
onstrate this directly. Many visual variables 
show clearly by an inflection or a change in 
hue the transition from cone to rod function ; 
but the cones, though a highly mixed popu- 
lation, ordinarily display no such discontinui- 
ties ( Hecht, 1937). 

Perhaps the most significant exception to 
this rule is found in the work of Stiles 
(1939; 1949a, b). Stiles measured the visi- 
bility of a small test stimulus of one color 
viewed foveally against an adapting field 
of another color. His measurements display 
characteristic inflections, like those which 
ordinarily mark transitions between rod and 
cone vision, though here involving cones 
alone. Irom the analysis of such data, 
Stiles has derived spectral sensitivity curves 
for three classes of cone. de Vries (1946) 
has since reported similar measurements 
leading to much the same result. 

It has long been known that dark adapta- 
tion in man and other animals which possess 
both rods and cones proceeds in two stages. 
Following a high state of light adaptation, 
the visual threshold falls rapidly to a first 


plateau; then the threshold begins abruptly- 


to fall again to a second and final plateau. 
The first segment is the dark adaptation of 
the cones, the second that of the rods. The 
transition from cone to rod thresholds is 
marked by a more or less sharp break; yet 
the course of dark adaptation in the cones 
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themselves usually appears to be altogether 
smooth. 

Several workers have adapted the eye to 
colored lights, thinking that the ensuing dark 
adaptation might better expose differences 
among the cones. Wright (1934) and Wal- 
ters (1942) adapted one eye to monochro- 
matic light, and then followed its increase 
of sensitivity in the dark by measuring 
periodically the energy needed in this eye 
to match the brightness of a constant light 
of low intensity in the other eye. The meas- 
urements were central and involved pri- 
marily cone vision. The results displayed a 
variety of selective effects of adaptation to 
colored lights, from which the approximate 
forms of sensation curves could be inferred; 
but the data obtained in individual experi- 
ments displayed no internal evidence of 
heterogeneity. 

Mandelbaum and Mintz (1941) measured 
the dark adaptation of the human fovea with 
red, green, and violet test lights, following 
adaptation with very bright lights of various 
colors, These measurements also involve 
primarily the cones alone. The results show 
small selective effects of colored lights: after 
exposure to red light, the threshold to red 
is particularly high, and dark adaptation 
measured in the red is relatively slow. Ex- 
posure to violet light similarly depresses 
selectively the sensitivity in the violet. 
Under the circumstances of these experi- 
ments, however, all the dark adaptation 
curves appeared to be homogeneous in form ; 
all of them fall smoothly from the initial 
reading to the final dark adapted threshold. 

We have taken such data to mean that 
though the retina contains a variety of cones, 
their spectral sensitivities overlap so widely, 
and their changes in light and darkness run 
so closely parallel, that relatively compli- 
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cated procedures might be needed to reveal 
differences in either regard. This is reasona- 
ble; for if it were easy to upset the relative 
contributions of different types of cone to the 
visual response, any given stimulus would 
appear to us in many different hues, de- 
pending upon the state of the eye and the 
conditions of stimulation. 

The present experiments originated in 
measurements of dark adaptation § with 
monochromatic test lights in peripheral areas 
of the retina. When conventional procedures 
were used, the dark adaptation of the cones 
appeared to follow its familiar smooth 
course. When the measurements of visual 
threshold were spaced very closely together, 
however, discontinuities appeared. For a 
time these were thought to be fortuitous 
variations ; but further experiments showed 
them to be real and reproducible, and to 
have their source in the participation of 
several independent mechanisms in cone 
dark adaptation. 


APPARATUS AND PROCEDURES 


All our measurements of the visual thresh- 
old were performed with the spectral adap- 
tometer described earlier (Wald, 1945a). 
In this instrument, 10 wavelengths are iso- 
lated with color filters from the radiation of 
a high pressure mercury are lamp. The test 
field subtends an angle of one degree with 
the eye, and was exposed for flashes of one- 
fifth second, Its brightness is regulated by 
means of a pair of annular neutral wedges 
which rotate in opposite directions so as to 
compensate each other. A variable fixation 
point permits the image of the field to fall on 
any patch of retina within a radius of 12 
degrees of the fixation point. 

For highly eccentric fixations, the front 
of this instrument bearing the eyepiece was 
removed, exposing the test field. The ob- 
server's head was held in a chin rest with 
the eye 80 cm. from the field. Projecting as 
a radius from the chin-rest as center was a 
rigid rod, bearing at its end a fixation point, 


80 cm. from the eye. The rod could be set 
by means of a protractor mounted on the 
chin rest, so as to hold the fixation point at 
any desired angle with the eye and test field. 

For light adaptation we used a 1,000-watt 
lamp at a distance of 65 cm. from a plano- 
convex lens (focal length 18 cm., diame- 
ter 11.5 cm.). The eye was held at the lens 
focus in the position of so-called Maxwellian 
view, in which the surface of the lens ap- 
peared to be evenly illuminated. The wave- 
length composition of the field was regulated 
with color filters, its brightness with neutral 
filters. 

The brightnesses of both white and 
colored adapting lights were measured visu 
ally with a Macbeth Illuminometer. That 1s, 
all such brightnesses were evaluated in terms 
of the standard white of this instrument. 
These and other characteristics of the adapt- 
ing lights are shown in Table 1, 

The relative energies of monochromatic 
light delivered at the field of the 
adaptometer were measured with a barrier- 
layer photocell, calibrated for wavelength 
sensitivity at our laboratory and by the 
National Bureau of Standards. All thresh- 
olds are reported in this paper in terms of 
relative energy. 


test 


HETEROGENEITY OF CONE DARK ADAPTATION 


Following intense light adaptation, the 
dark adaptation of an extrafoveal region of 
the human retina, as already noted, displays 
clear evidence of rod and cone function, An 
example of such measurements is shown in 
ligure 1. 

In this instance the eye was highly adapted 
with green light; the result would not have 
been very different if white light had been 
employed. The thresholds measured after- 
ward in the dark with deep red light (691 
mp) fall rapidly from a high initial level 
to a plateau, attained in about five minutes. 
There is no further change. The sensation 
experienced at the threshold is red through- 
out. This is the dark adaptation of the cones. 
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TABLE 1 
COMPOSITION AND BRIGHTNESS OF ADAPTING LIGHTS 
(The source in all cases was a 1,000-watt, concentrated-hlament projection lamp, run at about 115 volts. 


Color filters were of three kinds: Wratten (W), Jena (J) and Corning (C). In all 
cases a Jena BG 17 filter was inserted to eliminate heat radiation.) 


Range of Dominant An 
Filter € olor Wavelengths Wavelength Brightness 
(millilamberts) 
None White All visible 5.74 
BG I2 Blue Below 500 ca, 470 4.20 
58 (sreen 480-600 540 5.81 
C, 3384 Yellow Above 490 ca. 580 6.34 
C, 3484 Orange Above 520 ca, 595 6.15 
W. 22 Orange Above 550 595 6.14 
W. 26 Orange-red Above 590 619 5.87 
W. 29 Red Above 610 632 5.45 
MW 264153 
be Greer light adaptation 4 
~ 
£ 
a — 
0 5 10 15 20 4} 30 


Minutes in dark 

Fig. 1 (Auerbach and Wald). Dark adaptation following five minutes’ exposure to brilliant green light 
(Wratten 58; low brightness 5.81 millilamberts). Test field: one degree, centered six degrees below the 
fixation point, and exposed for flashes of one-fifth second. The measurements of threshold were made at 
492 mu in the blue-green, and at 691 mp in the red. Thresholds are plotted as log relative energy. Solid 
circles mark thresholds seen as colored; the small letter indicates the color reported (r = red: g = green) 
Open circles mark thresholds seen as colorless. The entire function at 691 mp is due to cones. The first 
segment of dark adaptation measured at 492 mp also is due to cones, and is seen as colored: the second 
segment, seen as colorless, is due to rods. 
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Fig. 2 (Auerbach and Wald). Reproducibility of form of the dark-adaptation curve. Three consecutive 


experiments on the same day with a single observer. Light adaptation 


five minutes in white light, log 


brightness 5.74 millilamberts. Test field: yellow (578 mu), one degree, centered six degrees below the 
fixation point. As usual with a yellow test feld, the observer reported all threshold sensations as colorless 


All three cone adaptations display distinct inflections in the fourth minute of dark adaptation 


In the 


eighth minute there is a sharp break, marking the transition from cone to rod thresholds 


Rods do not enter such measurements be- 
cause of their great insensitivity at O91 mp. 

Dark adaptation measured in the same 
experiment at 492 my in the blue-green, a 
wavelength that readily stimulates both rods 
and cones, begins with a sharp fall of thresh- 
old to a plateau, roughly parallel with that 
measured in red light. During almost all of 
this interval the threshold is seen as green. 
This again is the dark adaptation of the 
cones. At about 12 minutes, however, there 
isa sharp break and the threshold begins to 
fall again; simultaneously there is a loss of 
color sensations (open circles). This is the 
dark adaptation of the rods. It ends about 
30 minutes later in a second plateau. 

In the curves of Figure 1, the cones yield 
as smooth data as the rods. Under other 
conditions, however, we occasionally found 
the cone segment of dark adaptation to dis- 


play peculiar irregularities of shape, and 
sometimes more than one plateau. 

An example of this type of result is shown 
im ligure 2. In this case the eye was adapted 
to bright white light, and thresholds were 
measured with yellow light (578 mp). For 
the first one to two minutes, the cone thresh 
olds fall rapidly. Then they pause or even 
become constant. Then, at about four min- 
utes, the threshold suddenly falls again, this 
time to the conventional cone plateau. Here 
it remains until about the eighth minute, 
when it breaks again and descends rapidly 
in the dark adaptation of the rods. 

For a time we tended to dismiss such ir 
regularities in the dark 
fortuitous. As Figure 2 


course of cone 
adaptation as 
shows, however, they can be highly repro- 
ducible. The obvious meaning to attach to 
them is that they represent an interplay of 
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responses from several different types of 
cone, presumably those responsible for color 
differentiation. If this is so, however, the 
different types of cone must possess differ- 
ent spectral sensitivities; and it should be 
possible to alter the shapes of such dark 
adaptation curves in predictable ways by 
varying the wavelengths of light adaptation 
and of the test lights used to measure dark 
adaptation. 


SUBJECTIVE EFFECTS OF EXPOSURE TO 
INTENSE COLORED LIGHTS 

We therefore undertook a study of dark 
adaptation following light adaptations in 
selected regions of the spectrum. The princi- 
pal difference between our measurements 
and those of earliex, workers who had 
adapted subjects to colored lights involve the 
intensities employed. Our colored lights are 
very brilliant, in general of the order of 
10* to 10° millilamberts (see table 1). The 
selective adaptations which they induced 
were accompanied by a remarkable series of 
subjective changes in sensation.* 

So for example a subject exposed to our 
blue adapting light (Jena BG 12) sees it for 
the first few seconds as white. Within about 
0.5 minute it turns pink, then within about 
1.0 to 1.5 minutes goes over to bright red; 
and so it remains. 

Similarly, exposure to an orange-red 
adapting light (Wratten 26) yields a 
momentary sensation of pink, which goes 
within 10 to 15 seconds over orange and 
yellow to a bright green, maintained as long 
as the light continues. 

Such adaptations to intense colored lights 
are followed also by strong after-sensations. 
Immediately following adaptation to the 
orange-red, a white surface looks deep 
violet. Following adaptation to the blue, a 
white surface may look blue for a few 


*It has been known for many years that mono- 
chromatic lights change in hue as the brightness is 
made high (Helmholtz) or low (Bezold-Bricke). 
We have been unable, however, to find in the litera- 
ture descriptions of such drastic changes in hue as 
reported here. 


seconds, then turns orange, and fades over 
yellow to eventual colorlessness. 

All of this is important in understanding 
the meaning of the measurements which 
follow. The sensations experienced during 
light adaptation and afterward provide 
immediate and clear evidence that specific 
classes of color response have been selec- 
tively depressed. Adaptation to blue light 
seems to depress a blue-sensitive mechanism 
selectively, so that the sensation while the 
light is on turns to red; but blue light spares 
relatively the red and green-sensitive sys- 
tems, so that--following what appears to be 
a short interval of blue positive after-image 
-~~a white surface looks orange (that is, red 
+ somewhat less green). Similarly adapta- 
tion to orange-red light selectively depresses 
a red-sensitive mechanism so that the sensa- 
tion turns to green. Such orange-red light, 
as we shall show, almost completely spares 
the violet mechanism, so that a white surface 
just afterward looks violet. 


DARK ADAPTATION FOLLOWING EXPOSURE TO 
INTENSE COLORED LIGHTS 


By combining various colors of light 
adaptation with various colors of test field, 
we obtained a great variety of cone dark- 
adaptation curves of different shapes, some 
simple, some complex. It was possible also 
to establish the reproducibility of some of 
the complex functions, as in Figure 2. This 
provided some ground for confidence in the 
heterogeneity of the cone function. 

Finally we found a combination of con- 
ditions which demonstrated this beyond any 
possibility of doubt. An example is shown 
at the left in Figure 3. The eye was adapted 
to orange light of dominant wavelength 595 
my for five minutes. Then its dark adapta- 
tion was measured at 436 and at 621 my. 
These measurements were performed as 
follows: 

In the first few minutes of darkness fol- 
lowing light adaptation, thresholds were 
measured monocularly at 436 my alone. A 
little later these were interspersed with 
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Fig. 3 (Auerbach and Wald). Dark adaptation measured in the violet (436 mp) and orange (621 mp), 
following light adaptation in the orange (Wratten 22) and blue (Jena BG 12). Thresholds seen as color- 
less are marked with open circles, those seen as colored with filled or partly filled circles, and small letters 
indicate the color reported: v = violet; b = blue; r = red; g = green. The data at the left provide un- 
equivocal evidence of the responses of at least two types of cone, differing widely in spectral sensitivity. 
Cone dark adaptation measured at 436 mp exhibits two plateaus, and two crossings with the measurements 
at 621 mp: the first marking the shift of threshold from a violet-sensitive cone to a more general cone 
response; the second crossing marking the Purkinje shift from cone to rod vision. The measurements on 
the right exhibit only the second crossing, due to the Purkinje shift; but even here the heterogeneity of 
cone function is implicit in the peculiar shape of the measurements at 436 mu, and the sequence of color 


reports. 


measurements at 621 mp. Then the other 
eye of the subject was adapted to orange 
light just as before; and this time measure- 
ments were begun at 621 my, later inter- 
spersing them with readings at 436 mp. In 
this way we obtained dark-adaptation 
curves at both wavelengths simultaneously. 

Figure 3 shows that following orange 
light adaptation, the cones are at first more 
sensitive to violet light (436 mp) than to 
orange (621 my). This is just the reverse 
of the usual relationship found in cone 
vision. Then at about two minutes of dark 
adaptation the curves cross, in what may be 
described as a reverse Purkinje shift; and 
for the remainder of cone dark adaptation, 
the threshold is lower to orange than to 


violet light, the normal cone relationship. 
At about 14 minutes the curves cross again, 
this time in the true Purkinje shift, as the 
thresholds at 436 my go over from cones to 
rods. 

In this experiment, the dark adaptation 
of the cones, measured at 621 my, is simple 
in form; but that measured at 436 mu is 
discontinuous. There is a first very rapid 
fall of threshold to a well-marked plateau, 
attained in about two minutes; then at about 
four minutes there is a second sharp fall of 
threshold to a final cone plateau. 

Characteristic color changes accompany 
this performance. The thresholds at 621 my 
were reported as red throughout the ex- 
periment. Those at 436 mp were reported 
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first as violet, then as blue, and finally, as 
the thresholds went over to the rods, as 
colorless. 

Of all these evidences of the heterogeneity 
of cone dark adaptation, one takes priority 
over the others. This is the first crossing of 
the curves, at about two to three minutes in 
darkness. Before this crossing, the cones 
were more sensitive to violet than to orange 
light, a relationship commonly characteristic 
of rods. Afterward the cones reversed this 
relationship. That is, for the first two 
minutes of this experiment the cones ex- 
hibited a very different spectral sensitivity 
from that usually attributed to them, charac- 
terized by an unusual sensitivity to violet 
light. We shall return to this point later. 

At the right of Figure 3 a similar experi- 
ment is shown, performed with the same 
subject, but involving adaptation to blue 
light. Now the thresholds at 436 my lie con- 
siderably higher than at 621 my throughout 
the course of cone dark adaptation. The 
curves cross only once, marking the classic 
Purkinje shift as the thresholds at 436 my 
go over from cones to rods (14 minutes). 
In earlier times we would have plotted such 
cone data as a simple pair of parallel lines 
up to the break in the 436 mp curve. The 
measurements at 621 my do appear to be 
simple, and are reported as “red” through- 
out. The measurements at 436 mp appear to 
display minor inflections, but if this were all 
we should probably have regarded this curve 
also as simple. The color reports at 436 my, 
however, show that here too we have to 
deal with a complex succession of responses. 
At the beginning of dark adaptation, this 
light, ordinarily seen of course as deep 
violet, is reported to look colorless; later to 
look green; and only toward the end of cone 
dark adaptation as blue or violet. It is plain 
that even here, despite the relatively simple 
geometry of the curve, we are dealing with 
a complex function. 


THE VIOLET RECEPTOR 
The data at the left of Figure 3 yield a 


- first view, in the initial measurements at 


436 mp, of a receptor peculiarly sensitive 
to violet light. There is no hint of this in 
the data at the right. Under what conditions 
does it appear? 

This question is answered in Figure 4. 
Here four dark adaptation experiments have 
been performed with the same subject as in 
Figure 3. Each time he was light adapted 
to a different complex of wavelengths; and 
his dark adaptation measured at 436 and 
621 my. 

Following adaptation to white light, the 
cone dark-adaptation curves are relatively 
simple in shape, and almost parallel. The 
only reliable evidence of heterogeneity is in 
the color reports at 436 my, which. go 
through a sequence like that just described. 
At the threshold, the violet test light at 
first looks colorless, then blue, then green, 
then blue again, finally becoming colorless as 
the rods take over. Such sequences vary 
somewhat from one observer to another, but 
are remarkably regular in any one subject. 

Following adaptation to yellow light con- 
taining all wavelengths of the visible spec- 
trum longer than 490 mp, much the same 
kind of result is obtained; though in this 
case the data at 436 mp seem to describe 
two cone plateaus. 

With adaptation to light longer than about 
520 my, we obtain the phenomenon intro- 
duced in Figure 3. The first minutes of 
dark adaptation, measured at 436 my, in- 
volve the function of the special, rapidly 
adapting, violet-sensitive receptor; and for 
the first two to three minutes the thresholds 
at 436 my lie below those at 621 muy. 

We can conclude that the special condition 
which evokes this type of response is adapta- 
tion to lights of longer wavelengths than 
about 520 my. Better said, it is protection 
from lights of shorter wavelength. One can 
see from Figures 3 and 4 that the dark- 
adaptation curve measured at 621 mp 
changes very little with the quality of light to 
which the eye is adapted. All our lights 
adapt very highly the cones sensitive at 621 
mp. The special point is that orange-to-red 
light almost fails to adapt a violet-sensitive 
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Conditions which evoke the violet receptor. Pairs of dark adaptation 


curves, measured at 436 and 621 mu, following adaptation to white and colored lights. Data from a single 
subject. After adaptation to white or yellow light (Corning 3384), the dark adaptation curves of the cones 
are roughly parallel. After exposure to orange light (Corning 3484), however, the initial portion of dark 
adaptation measured at 436 mp is dominated by the violet receptor; and the dark adaptation curves cross 
twice, as in Figure 3 (left). Adaptation to orange-red light (Wratten 26) accentuates this effect. 


receptor. This is spared to such a degree 
that its function,. measured in the violet, 
emerges in isolation during the first few 
minutes of dark adaptation. 

Because of this receptor, the spectral 
sensitivity of cone vision is very different 
just after adaptation to orange or red light 
than it is under other circumstances. To 
measure this difference we have adapted a 


number of subjects repeatedly to orange or 
orange-red light, and measured their dark 
adaptation wavelengths 
available in our spectral adaptometer. A 


curves. at eight 
sample of such measurements is shown im 
Figure 5. 

From such families of dark-adaptation 
curves, we have read off the log thresholds 
at each wavelength following one minute 
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Fig. 5 (Auerbach and Wald). Dark adaptation 
measured at four wavelengths following light 
adaptation in the orange or orange-red. The light 
adaptations were as follows: for the curves meas- 
ured at 405 and 492 mp, orange-red light (Wratten 
26). For the curves measured at 436 and 546 mu: 
orange light (Wratten 22). Such families of 
curves, extended to include other wavelengths, yield 
values of the threshold at one minute and 10 
minutes of dark adaptation from which the spec- 
tral sensitivity curves of Figures 6 and 7 were 
obtained. Dark adaptation measured at 405, 436, 
and 492 mp, begins with the violet receptor; and 
within this series the threshold is minimal at 436 
mys for this element. 


and 10 minutes of dark adaptation. To make 
the data more readily comparable with 
others in the literature, we present them not 
as log threshold—the quantity measured— 
but as log (l/threshold) or (- log 
threshold), the log sensitivity. In this way 
we obtain an approximate measure of the 
spectral sensitivity of cone vision at one 
and 10 minutes following adaptation to 
orange-to-red light. 

The averaged data of such measurements 
on seven normal subjects are shown in 
Figure 6. The curve obtained at 10 minutes 
of dark adaptation resembles the familiar 
spectral sensitivity curve of cone vision as 


measured in the peripheral retina ( Wald, 
1945b, 1949). It has a broad maximum at 
about 555 my, and an inflection or shoulder 
in the neighborhood of 450 mu. 

The spectral sensitivity of cone vision at 
one minute of dark adaptation, however, is 
altogether different in shape. The principal 
maximum is in the violet, in the neighbor- 
hood of 436 my, the sensitivity fallingeeft 
sharply to either side. This is the spectral 
sensitivity band of the violet receptor. We 
see from its shape why lights of wavelength 
longer than 540 my spare this receptor, for 
at this wavelength its sensitivity has already 
fallen to a low value. The sensitivity curve 
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Fig. 6 (Auerbach and Wald). Spectral sensi- 
tivity of cone vision measured one and 10 minutes 
after adaptation to orange-to-red light. Averaged 
data from seven normal observers. All measure- 
ments involve a one-degree field, centered six 
degrees below the fixation point. The ordinates are 
plotted as log relative sensitivity (= log 1/thresh- 
old, or — log threshold). The maximum of the 
10-minute curve has been arbitrarily set at zero 
(sensitivity = 1). For comparison the curve of 
Stiles’s “blue mechanism” is also included (Stiles, 
1949a). 
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as a whole goes through a minimum at 510 
to 520 my, and then rises to the broad maxi- 
mum at about 555 my conventionally associ- 
ated with the cones. 

We have, as yet, too few points to define 
accurately either the shape or position of the 
spectral sensitivity curve of the violet re- 
ceptor. It is already clear however that it 
1 ubles closely a maximum found by 
Stiles in the neighborhood of 430 myp in the 
spectral curve of peripheral 
cones adapted to intense white light ( Stiles, 
19494, fig. 11). From his measurements of 
the differential threshold of 
fields against backgrounds of other colors, 
Stiles has also computed the form of a 
she rt-wavelength receptor mechanism which 
he calls “Blue I” (Stiles, 1949a, fig. 15). 
This is plotted for comparison in Figure 6. 
There is no need to labor the point that 
we seem to be dealing with the same 
mechanism.* 

Indeed the history of this receptor can 
be traced back to the earliest attempt to 
derive approximate spectral sensitivity fune- 
tions for the various types of cone. Konig 
and Dieterici (1892), as one outcome of 
their classic investigation of the color vision 
of normal and colorblind observers, offered 
a trio of “Grundempfindungen,” or basic 
sensation The short wavelength 
member of this set is maximal at about 450 
mu, a little to the red from Stiles’s “blue 
mechanism.’ Our own data are equally re- 
concilable with either function. 


sensitivity 


colored test 


curves. 


What sensation goes with this receptor? 
In the early portions of dark adaptation 
measured at 405 or 436 my following ex 
posure to orange or red light, when one 
seems to be dealing with this receptor alone, 
normal observers usually report the thresh- 


*Stiles (1949a) refers to a second “blue mech- 
anism” which, in addition to the peak at about 
435 mp, is relatively sensitive throughout the 
remainder of the spectrum. This may represent 
the composite effect of the violet receptor and 
another type of cone discharging through the same 


optic fiber. 
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old sensation as violet, less often as blue 
(fig. 5). As will appear below, our deuter- 
anopic and protanopic observers have al- 
ways reported it as “blue.” We are there- 
with 
regarding this sensation, a choice that has 


fore faced some degree of choice 
presented a problem since Thomas Young 
(see the review by Gothlin, 1944). 

We prefer to speak of this as the violet 
receptor because its maximum sensitivity 1s 
in the violet; and because when it appears to 
function alone, most normal observers re 
port the sensation as violet. Another con 
sideration may be relevant: following 
orange-to-red light adaptation, thresholds 
measured with violet light usually look violet 
initially; but later with the descent to the 
second cone plateau, marking the entrance 
of other types of cone, they frequently are 
reported as blue. Examples of this effect 
appear in Figure 3, in the lower right-hand 
section of Figure 4, and in the measure- 
ments at 405 and 436 my in Figure 5. It ts 
as though the violet receptor alone induces a 
violet sensation, while the mixture with 
other types of cone changes this to blue. 

It might be thought that just as adapta- 
tion to red light isolates a violet receptor, 
adaptation to blue light might isolate a red 
receptor, Our experiments do not indicate 
any such result. As shown in Figure 3, 
adaptation to blue light has little effect on 
dark adaptation measured at 621 my. It does 
however light adapt very strongly the violet 
receptor, 

We have measured the dark adaptation of 
several observers at seven to eight wave 
lengths, following blue light adaptation, in 
an experiment comparable with that shown 
in Figure 5. From the family of curves 
which resulted we have determined the 
spectral sensitivity of cone vision at one and 
10 minutes of dark adaptation. These data 
are plotted together with those of Figure 
6 in Figure 7. 

The curve at one-minute dark adaptation 
after exposure to blue light shows no trace 


of the violet receptor. Even the shallow in- 
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Fig. 7 (Auerbach and Wald). Spectral sensi- 
tivity of cone vision measured one and 10 minutes 
after exposure to intense orange-to-red or blue 
light. Averaged data from a number of subjects. 
The sensitivities after orange-to-red light adapta- 
tion are as in Figure 6. Those following blue light 
adaptation were obtained by a similar procedure. 
The one-minute curves cross at about 510 mu; 
below this wavelength the sensitivity is higher 
following red light adaptation, above this wave- 
length it is higher following blue light adaptation. 
Even after 10 minutes in the dark something re- 
mains of these differences, as the small letters 
attached to the solid circles indicate. 


flection near 450 my in the familiar photopic 
sensitivity curve is lacking here. There is 
also another effect: just as red light adapta- 
tion spares the violet receptor, blue light 
adaptation spares—though only slightly— 
the long wavelength receptors. The two one- 


minute curves cross at about 510 muy. 


Below this wavelength, the sensitivity is 
higher after red light adaptation; above this 
wavelength, it is higher after blue light 
adaptation. 

Something remains of these distinctions 
even after 10 minutes of dark adaptation. 


Now the sensitivities have drawn close to 
gether; 10 minutes in the dark have almost 
erased the differential effects of red and 
blue light adaptation. Yet, as the small 
letters indicate, at short wavelengths the 
sensitivity tends still to be a little higher 
after red light adaptation, while at long 
wavelengths it is a little higher following 
blue light adaptation. 

The 10-minute curve also displays under 
both conditions the shoulder at about 450 
my characteristic of the spectral sensitivity 
of dark-adapted peripheral cones. When 
first noted in the fovea, this inflection was 
ascribed to the absorption of light in the 
blue and violet by the yellow pigment of 
the macula lutea, xarithophyll (Wald, 1945b, 
1949). 

The appearance of a similar, though much 
shallower, inflection in the spectral sensi- 
tivity curve of peripheral cones was taken to 
mean that even well outside the macula, the 
retina still contains a little of the same pig- 
ment. It is apparent from Figures 6 and 7, 
however, that the inflection in the peripheral 
curve 1s caused mainly by the presence of 
the violet receptor. 

Blue light, in adapting this element, re- 
moves the inflection completely from the 
one- minute curve. In this part of the retina, 
therefore, the inflection is not the negative 
result of absorption of light by a filter pig- 
ment, but the positive result of increased 
sensitivity introduced by the violet receptor. 
In the macular region, both factors operate, 
and to the shallow inflection caused by the 
violet receptor is added the further inflec- 
tion due to the macular pigmentation. 


THE VIOLET RECEPTOR IN THE 
CENTRAL FOVEA 


It has been reported on a number of 
occasions that the central fovea exhibits a 
condition characterized as “blue-blindness” 
(Konig, 1894; Willmer, 1944; Willmer and 
Wright, 1945). To the unwary this term 
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Orange light adaptation 

Y2° central field 
= 


Fig. & (Auerbach and Wald). 9+ 

Dark adaptation of a small foveal 

held following light adaptation in 

the orange-red (Wratten 26). 2 

Measurements at 436 and 621 mm 3 gl v 

in a O.5-degree field, fixated cen- hd 

trally. In this rod-free area of the s 

retina, all the responses are due 

to cones. The measurements at 436 e 

mp begin as usual under these con- ~ 7t 

ditions with the violet receptor, 

exhibit the usual double plateau, ' 

and cross the curve measured at 

621 mp in what may be called a 64. 

reverse Purkinje shift. 


may imply more than it intends. What it 
means is that in small areas of the central 
fovea, all colors can be matched by mixtures 
400 to 475 mp and 
650 mp, for example; that is, such small 


of two primary stimuli 


central areas behave in color matching ex 
periments as though dichromatic, and in 
deed tritanopic. They are however sensitive 
to blue and violet light, and respond with 
blue and violet sensations. 

We thought it of particular interest to 
inquire whether the violet receptor appears 
in a small area of the central fovea. Figure 
&% shows that it does. In this instance a 0.5- 
degree field was employed, fixated centrally. 
The eye was adapted to intense orange light, 
and dark adaptation was measured at 436 
and 621 my. This part of the retina is rod- 
free, and the thresholds measured are due 
to cones alone. Just as in the peripheral 
retina, dark adaptation begins 
thresholds at 436 my below those at 621 mp; 
and this condition persists until the curves 
cross at about 1.6 minutes. The dark adapta- 
tion measured at 436 my also exhibits the 
two plateaus which characteristically follow 
orange and red light adaptation. 

These are the typical manifestations of 
the violet receptor. Whatever the cause of 
“blue-blindness” in the central fovea, it is 
not the absence of the violet receptor. 


with the 
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COLORBLIND SUBJECTS 

To explore further the participation of 
Various types of cone in human vision, we 
measured dark adaptation under various cir- 
cumstances in a number of colorblind sub- 
jects, chosen and classified by the admirable 
procedures devised by Farnsworth (1943, 
1947; also personal communications). We 
worked with three (“red- 
blinds”), one intensively; and with five 
deuteranopes. It is well known that pro- 


protanopes 


tanopes are literally “red-blind” im the sense 
that their relative sensitivity to red light 1s 
far below normal. Deuteranopes, on the 
other hand, though sometimes referred to as 
“green-blind,” have essentially normal spec- 
tral sensitivities. 

The experiment of Figure 3 is shown re- 
peated with deuteranopes in Figure 9 and 
with a protanope in Figure 10. 

The result obtained with deuteranopes 
after adaptation with orange-to-red light 
(dominant wavelength 619 mp) is simular 
to that obtained with normal observers. The 
dark adaptation measured at 621 mp dis- 
plays no new features. At 436 mp a very 
rapid fall of threshold is observed, due 
clearly to the violet receptor; but this ap- 
pears alone, with no evidence—as in normal 
observers 
change in 


of a second plateau or of a 


color sensation during dark 
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Red light adaptation 
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Blue light adaptation 
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Fig. 9 (Auerbach and Wald). Dark adaptation in deuteranopes following exposure to orange-red 
(Wratten 26) or to blue light (Jena BG 12). After exposure to orange-red light, the cone adaptation 
measured at 436 mu, unlike such measurements in the normal eye (fig. 3), is simple in form, involves no 
changes in color sensation, and seems to be based upon the violet receptor alone. After adaptation to blue 
light, the measurements at 436 mp display two cone plateaus, and a sequence of color reports as though 
dark adaptation begins with the responses of a red receptor, later mixed with increasing proportions of 
violet so as to bring the threshold sensations over a neutral point (open circles) to “blue.” 


adaptation. The color reported is “blue” 
throughout. The result is as though at 436 
my one were measuring the dark adapta- 
tion of the violet receptor alone. 
Following adaptation to blue light (fig. 9, 
right side), the result with the deuteranopic 
observer again resembles the normal in its 
gross features; but the cone measurements 
at 436 mp present more striking irregu- 
larities than normally, appearing to break 
cleanly into two segments, each with its pla- 
teau. The color reports also are complex. 
The first thresholds often are reported as 
“red,” though this is of course a violet light ; 
then for a time the thresholds may be said 
to look colorless; and thereafter blue, until 
the rods supervene. The course of this func- 
tion suggests that one may be dealing with 
the activities of two receptor systems: an 
initial red, which on later mixing with violet 
goes through a neutral point (“colorless” ) 


to the eventual responses of the violet re- 
ceptor alone (second plateau), called “blue”’ 
by this subject. 

Figure 10 shows the results of the same 
type of experiment performed with a 
protanope. Following adaptation to orange- 
to-red light, the dark-adaptation curve 
measured at 621 my is of the usual shape, 
but is displaced to an abnormal height on 
the intensity scale, an expression of the 
subject's (Chapanis, 1946- 
47). The cone dark adaptation measured at 
436 my is again simple in form, as in the 
deuteranope, and appears to involve the re- 
sponses of the violet receptor alone. 

Following blue light adaptation (fig. 10, 
right side), the protanope yields simple dark 
adaptation curves both at 436 and 621 my. 
The only evidence of heterogeneity in these 
data is in the color reports at 436 my. At the 
beginning of dark adaptation the threshold 
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Fig. 10 (Auerbach and Wald). Dark adaptation of a protanope (“red-blind”) after exposure to orange 


red (Wratten 26) or blue light (Jena BG 


2). As usual in such subjects, the cone thresholds to red light 


(621 mp) are abnormally high. After orange-red light adaptation, the cone portion of dark adaptation 
measured at 436 mp is simple in form, and seems to represent the violet receptor alone. The sensation is 
reported as “blue.” After adaptation to blue light, the measurements at this wavelength are still simple in 
form, but the color reports go from “blue” to colorless to “blue.” The color reports at 621 mp are very 
irregular: often colorless, sometimes red, sometimes another color, even blue. 


sensation is usually reported as “blue”; 
later it may be called colorless; and toward 
the end, as the curve enters the cone plateau, 
it is again reported as “blue.” 

Protanopes do not under all circumstances 
yield such simple dark adaptation curves as 
shown in Figure 10. With other qualities of 
light adaptation, and other wavelengths for 
the measurement of threshold, the dark 
adaptation curve may display inflections, 
evidence of the participation of more than 
one type of cone. 

All our observations with protanopes and 
deuteranopes show that these types of color- 
blind possess the violet receptor; and that 
its spectral sensitivity, so far as our meas- 
urements go, and its rate of dark adaptation 
are entirely normal. The abnormalities of 
such subjects lie—as has been supposed 


Both classes of color- 
blind yield evidences, in the form of changes 


in other directions. 


of hue and inflections in the course of dark 
adaptation—-of heterogeneity of cone fune- 
tion. All our observations, though not in 
themselves adequate to establish this point, 
are consistent with the view that each of 
these observers possesses the violet receptor 


and one other. 


DARK ADAPTATION OF THE FAR PERIPHERY 


Toward the beginning of the present m- 
vestigation, we made a considerable explora- 
tion of color thresholds and light and dark 
adaptation in very eccentric fields. This 
work was interrupted by the experiments 
described above; yet it provided another 
approach to the problem of cone hetero 
geneity. We shall take this occasion to dis- 
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Fig. 11 (Auerbach and Wald). Dark adaptation in the far periphery. This subject was adapted to bright 
white light, and his dark adaptation measured at 436 and 621 mp in a one-degree field, centered 90 degrees 
temporally from the fixation point. At this eccentricity the field looks colorless under all circumstances. 
The dark-adaptation curves, however, break into typical cone and rod segments; and at 436 mp the cone 
segment may have two plateaus. The cone threshold at 621 mp is abnormally high compared with that at 


436 mu, as in a protanope. 


cuss only one example of such an experi- 
ment, 

Figure 11 shows dark adaptation meas- 
urements at 436 and 621 my,. following ex- 
posure to intense white light. The test field, 
as also the adapting light, were fixated 90 
degrees temporally. At this eccentricity 
and in general beyond 70 to 80 degrees 
lights of all wavelengths appear colorless, 
even at high brightnesses. In this sense the 
normal observer is totally colorblind in this 
part of the retina. 

The measurements of Figure 11 show 
however that both rods and cones are func- 
tional. The dark adaptation curves are di- 
vided into typical cone and rod segments ; 
and the cone segment measured at 436 mp 


seems also to possess two plateaus. The 
peripheral apparatus for some degree of 
color discrimination may therefore be pres- 
ent; the lack of color sensations may well be 
associated with some central failure to ex- 
ploit the peripheral  situation- central 
colorblindness. 

Apart from the lack of color sensations, 
measurements with four normal subjects 
show this region of the retina to be abnor- 
mally insensitive to red light. In more cen- 
within about 70 degrees of. the 
following white light adaptation the 
cone thresholds at 436 mp lie much higher 
than at 621 mp, as shown for example in 
Figure 4. Here this relation is reversed, as 
in a protanope, and indeed a _ protanope 


a 


tral areas 
fovea 
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whose red blindness has been accentuated 
by adaptation to orange-red light, as in 
bigure 10. 


SUMMARY 


Following adaptation to very bright white 
or colored lights, the dark adaptation of the 
cones displays inflections and changes in 
color that seem to have their 
presence in the retina of 
several different classes of cone. Striking 


sensation 
source in the 


changes in color sensation are experienced 
also during and immediately after adapta- 
tion to very intense red or blue lights. 
After the 
orange-to-red light, the first few minutes of 
dark adaptation, measured at short wave- 
with a 
violet 


exposure of eye to imtense 


lengths, are occupied receptor 


light, and 
whose excitation induces violet or blue sen- 


maximally sensitive to 


sations. The maximum sensitivity of this 
violet receptor is near 436 my. 

Blue light adaptation markedly depresses 
the response of this unit. Red and blue 
light adaptations also produce differential 
effects, though less striking, upon the re- 
sponses at longer wavelengths. 

The violet receptor is present in the cen- 
tral fovea, in spite of its so-called “blue- 
blindness.” It is present also in protanopes 
and deuteranopes, together perhaps with 
only one other type of cone, 

Measurements in the far peripheral retina 

QO degrees from the fovea-——show cone 
function to be present, and reveal a condi 
tion resembling protanopia, though no color 
sensations are experienced. 


Biological Laboratories, 
Harvard University 
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DISCUSSION 


De. Gorpow L. Watts: | hope Dr. Auerhach 
will reconsider a little bit whether he has identified 
a violet receptor in his curves at all. | should like 
to point out that red light adaptation would not 
only spare any receptor sensitive only to short wave- 
lengths, but would also spare the short-wave sensi- 


tivity peak of the redness receptor if the redness 
receptor contains two separate photochemicals, as I 
believe it does. 

De. Frepextck Bropt: I would like to ask 
two questions about these interesting experiments 
by Dr. Auerbach and Dr. Wald 
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As I understood these charts, the stimulation of 
cones was done in the fovea or not farther away 
than eight degrees from the macula. 

The first question is whether similar results 
could be obtained in the far periphery; second, 
whether in the farthest periphery cone stimulation 
will give similar results. 

We know that there are cones histologically in 
that area of the retina, but apparently the retina 
is there color blind. 

Dre. Encar Averpacu (closing): As to Dr. 
Walls’ question I do not know. This is purely an 
experimental study, and we did not concern our- 
selves with any theoretic discussion. | am not at all 
sure that this red component in the short wave- 
length range is present but up till now I cannot 
prove this point. 

We think we have demonstrated a_ receptor 
which we call the “violet” receptor, because the 
individual color reports of color-normal subjects 
were always “violet,” and in addition it is in the 
violet range of the spectrum. 

I might add that when we used a mercury-arc 
lamp as test light, we depended on the spectral 
wavelengths of the mercury. We could not examine 
every wavelength we wanted, but only the wave- 
lengths that gave us this monochromatic light in 
the mercury spectrum. 

The peak of the violet receptor may be found a 
little to the right or left of 436 mu when more 


detailed measurements have been completed. 

Concerning Dr. Blodi’s question, our experi- 
ments were made at six or seven degrees from 
the fovea, to obtain the response of both rods 
and cones. Some time ago we made a series of 
experiments in which we examined the whole 
periphery to 90 degrees from fovea, but we inter- 
rupted this work because of our interest in the 
present experiments. 

Beyond 70 degrees from the fovea we always ob- 
served a higher threshold to the red than to the 
blue. This is from approximately 70 to 90 degrees. 
From the fovea to 70 degrees the blue has a higher 
threshold. This was very interesting and was very 
regular. This phenomenon we could always re- 
produce. 

Now, in doing this present experiment with the 
protanopes, we remembered this old experiment of 
ours, because this appearance of a higher threshold 
to the red in the periphery of color-normal persons 
is approximately the same as in protanopes. 

The next question asked by Dr. Blodi concerned 
the color reports. It is at this part of the periphery 
that there is no color report. This means that the 
individual, from this point of view, is subjectively 
completely color-blind; but as you see in these 
curves, there is a cone and a rod portion. This 
means there are cones still active, and even the 
louble plateau 436 mp was still present. This means 
that even different cone receptors were active. 


SETUP FOR THE PHOTOGRAPHY OF THE ANTERIOR 
SEGMENT OF THE RABBIT EYE* 


Stone, Jr., M.D., anp Leonarp ReyNoups 
Boston, Massachusetts 


This paper presents a setup which is 
utilized in this laboratory at the Massachu- 
setts Eye and Ear Infirmary for the rapid 
photography of the anterior segment of 
rabbit eyes. Its value is that it is unobtru- 
sive, permanently set up, and can be moved 
into working position quickly. The rabbit's 
head is held immobile and can be rotated 
to any angle. 

Its component parts are readily available 
or easily constructed; and it can be placed 
at the corner of most laboratory benches. 

It is possible for one person to place an 
animal in position and take a picture of its 


*From the Massachusetts Eye and Ear Infir- 
mary. This work was supported by the Office of 
Naval Research (Contract Nonr 1173-01) and the 
Boston Host Lions Club. 


eye within two to three minutes. Previously, 
the same procedure in this laboratory in- 
volved several persons maintaining the ani- 
mal in the correct position and taking the 
picture. The procedure usually took 20 to 30 
minutes. We now take postoperative serial 
photographs with nearly the same facility as 
making notes. Human photography can be 
done in the same area. The adjustable box 
is also suitable for slitlamp microscopy. 


DESCRIPTION OF COMPONENT PARTS 


Figure 1 shows the setup in working posi- 
tion. The handle (A) makes it possible to 
rotate the box around a horizontal axis 
through 180 degrees and around a vertical 
axis through 360 degrees. A twist of the 
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Fig. 1 (Stane and Reynolds). 
Setup for photography of rabbit 
eye in working position. (A) 
Handle and swivel-head for raising 
and lowering box. (B) Guide sup- 
port for column and pinion. (C) 
Swinging arm and brace. (DD) 
Rabbit box on platform. (EF) Slid- 
img camera mount. 


(Figure 2 ts shown on the next page) 


handle locks the box in the desired position. 
This column with rack and swivel head ts 
commercially available (A*). A pinion and 
support guide (B) for the column raises 
and lowers the box. 

The pinion and support guide is specially 
constructed to lend stability to the setup. 
Figure 2 is a diagram of this construction. 


* (A) Quick Set Inc., 5121 North Central Park 
Avenue, Skokie, Illinois. 


igure 1-C is a swinging arm. Heavy braced 
steel is utilized to minimize the movements 
occasioned by the rabbit's respirations ( fig. 
2 and fig. 3). Figure 1-D and Figure 3 
show the platform supporting the rabbit 
box. 

The rabbit box is of the usual laboratory 
variety with a slightly modified head rest 
(fig. 4). An L-shaped bar is placed through 
the rabbit's mouth, and supported in a slot 


Fig. 3 (Stone and Reynolds). 
Rablit photographic setup without 
rabint box. Box platiorm is ro- 
tated against wall. 
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Fig. 2 (Stone and Reynolds). Diagram of construction of support-guide with pinion. 
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Fig. 4 (Stone and Reynolds). Animal box, show- 
ing modified headrest. L-shaped brace passes 
through animal's mouth, and fits into slot at either 
end. Webbing wraps around rabbit's head and 
metal clasp fits into slot on upper edge of box. 


Fig. 5 (Stone and Reynolds). 
Rablit photographic setup when 
not in use. Box rotated against 
wall. Camera moved into slot in 
overhanging shelf. Human head- 
rest hung on wall. 


at either end. The rabbit's head is then 1-E). Figure 5 shows the setup when it ts 
locked in position by means of a piece of not in use. The rabbit box and support 
webbing and secured with a metal clasp ina are rotated against the wall and the camera 1s 
slot. moved into a slot in the overhanging shelf. 
The camera is*mounted on a commercially The human headrest can be seen hanging on 
available sliding slitlamp mount (E*) (fig, the wall and is placed in a fitting at the edge 
of the bench when in use. 
*(E) Bausch and Lomb Company. 243 Charles Street (14). 
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EFFECT OF ALCOHOL ON BINOCULAR VISION* 


A. Beecher, M.D., A. P. ann D. D. Leonarp 
Cleveland, Ohio 


It is well known that alcohol produces 
double vision. This has been attributed by 
Colson’ and Powell*® to two factors: (1) 
‘Changes in phoria and (2) loss of the power 
to converge. However, it is generally be- 
lieved that there are at least four separate 
mechanisms concerned with the angular 
position of the eyes, any one of which, if 
disturbed, could contribute to diplopia. 
These are: (1) Phoria, (2) voluntary con- 
vergence, (3) reflex (accommodative) con- 
vergence, and (4) the fusion reflex. All 
four mechanisms are closely integrated to 
achieve single vision. The fusion reflex in 
particular tends to adjust the position of 
both eyes in such manner as to project the 
images on the corresponding »“Panum 
areas.’ This is subjectively perceived as 
single vision. 

Previous experiments on the influence of 
alcohol on binocular vision were made with 
the prism vergence tests.’ In such tests, 
cannot separate the convergence 
mechanism from the fusion reflex.* There- 
fore, it is not known. whether the binocular 
fusion reflex is impaired by alcohol inde- 
pendently of phoria or convergence changes. 

The purpose of the present investigation 
was to study the effect of alcohol on the 
power of binocular fusion and to attempt 
a separation of the four components which 
contribute to diplopia. In addition, it was in- 
tended to solve the disagreement existing 
in the literature as to the direction of the 
change in phoria. 

Colson’ and Powell® measuring phoria at 
an object distance of six meters, found a 
progressive development of esophoria with 


one 
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* From the Department of Physiology, Western 
Reserve University School of Medicine. Part of 
this work was done in fulfillment of the research 
project teaching program of the curriculum at 


Western Reserve University School of Medicine. 
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increasing amounts of alcohol. Powell, also 
using an object distance of 33 cm., found 
progressive exophoria. No satisfactory ex- 
planation of these different trends of 
phoria development was offered. 

Charnwood’ reported little or no change 
in vertical phoria. Furthermore, previous 
workers’* have merely related in a rather 
qualitative manner the subject’s visual be- 
havior to the amount of ingested alcohol. In 
this study, blood alcohol and urine alcohol 
concentrations were quantitatively de- 
termined. 


MetTHuop 


The subjects for these experiments were 
14 male medical students between 21 and 
28 years of age. The experiments began at 
7:00 p.m. after a light evening meal. Visual 
acuity, convergence, phoria, and fusion 
power were determined in the manner to 
be described. The subjects were then given 
40 ml. of an 87-proof blended whiskey, 
mixed with 99 ml. of either water or ginger. 
ale, and this was repeated every half an 
hour. 

At hourly intervals after the start of the 
first drink, the subject repeated the vision 
tests. At the end of each of these tests, two 
ml. of blood was removed from the ante- 
cubital vein and a urine sample was ob- 
tained. In this manner, blood and urine 
samples were taken at hourly intervals, 
whereas the drinks were given at one-half 
hour intervals. This routine was continued 
until the subject vomited or was incapable 
of co-operating in the conduct of the 
experiment. 

Visual acuity was determined with a 
Snellen chart at a distance of six meters. 
Convergence was determined by having 
the subject bring an upright metal rod 
progressively closer to his eyes until diplopia 
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resulted. This distance was then measured 
along with the interpupillary distanee and 
the angle of convergence was calculated. 
Heterophoria was determined at a distance 
of six meters with a Maddox rod. 

The method used for the determination 
of fusion power has already been described." 
The following modifications were intro- 
duced for the alcohol experiments. 

In a well-illuminated room (50 foot- 
candles) the black 
screen in the center of which was a small 


observer looked at a 


light source. Three such screens were used, 
at a distance of six meters, 82 cm., and 33 
em. White lines divided the into 
squares such that the visual angle between 
lines was the same for all screens (approxi- 
mately 0.5 degrees ). 

The right eye was occluded with a photo- 
graphic shutter (Wollensack Alphax No. 
2). With an exposure time of 20 millisec- 
onds, the shutter was released by an elec- 
tronic timing device at a frequency of three 
per second. In this manner, fusion was 
tested by the interrupted presentation of the 
normal binocular fusion stimulus to the 
right eye in a series of brief flashes, while 
the same stimulus acted on the left eye with- 
out interruption. The  stimulus-evoking 
fusion was thus provided by the indentical 
contours of the practically unimpaired nor- 


screens 


mal binocular visual field. 

The subjects were first placed in front 
of the six-meter screen and the right eye 
occluded for 20 seconds with the shutter. 
Upon one single shutter release of one- 
fiftieth second duration, the subject was 
asked to report the position of the double 
image of the light source on the screen. This 
was used as a measure of vertical and hori- 
zontal phorias, in addition to the Maddox 
measurements. 


The subject was then tested in the same 
manner with a frequency of three exposures 
per second. The time necessary for the at- 
tainment of complete fusion was recorded 
by the subject with an electric stopclock. 
Five such readings were taken and averaged. 


A significant change in this fusion time in 
subsequent tests, with the same frequency 
of stimulus presentation, was taken as a 
measure of the change m fusion power. 
This same procedure, including the phorja 
determination, was then repeated in front 
of the 82-cm. screen and the 33-cm, screen. 
The and 33-cm. distances had 
been used by previous workers ;'** the 82-cm, 


stx-meter 


distance was added in this experiment in 
an attempt to locate a distance at which there 
was little or no change in phoria. 

The oxalated blood samples and the urine 
samples were refrigerated, and subsequently 
analyzed for alcohol concentration by the 
method of Sunshine and Nenad.* 


RESULTS 


The experimental data of 14 subjects are 
graphically presented in seven figures.* The 
first three figures show the effect of alcohol 
on binocular fusion time and the change im 
phoria. Since fusion time is known to be re- 
lated to the degree of heterophoria,’ the 
subjects were grouped according to the 
initial type of phoria they displayed without 
alcohol ingestion at six meters observation 
distance. Reciprocal fusion time is plotted 
as ordinate against blood alcohol content as 
abscissa. 

The values which were to be represented 
on the ordinate were grouped according to 
the blood alcohol level at the time of their 
measurement. These arbitrary alcohol 
groups include those values in 0, 0.01-0.05 
percent, 0.06-0.10 percent, 0.11-0.15  per- 
cent, and 0.16-0.20 percent ranges. The 
ordinate values in each of these groups were 
averaged as were the corresponding alcohol 
concentrations. Fusion times was plotted 
as reciprocals in order to represent fusional 
failure as zero and not infinity. 

Figure | illustrates the influence of alco 


*The tables of individual subject data were 
omitted for space conservation. They are available 
on request from the Department of Physiology, 


c/o G. A. Brecher, M.D. 
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hol on the fusion time of five subjects, who 
were initially exophoric at six meters ob- 
servation distance, The diagram on _ the 
right side of the figure shows the position 
of the visual lines at three observation 
distances alcohol ingestion. The 
arrows indicate at each observation distance 
the direction of the phoria changes with in- 
creasing intoxication. 

It is noted that alcohol diminished the 
exophoria at six meters until the subject 
became orthophoric and finally 
esophoric. At 82 cm. exophoria decreased 
until the subjects became nearly orthophoric 
whereas at 33 cm. the degree of esophoria 
became larger. 

On the left side of Figure 1, the recipro- 
cal of fusion time is plotted against the 
blood alcohol content. With this type of 
plotting, an upward trend of values signi- 
fies a shortening of fusion time and a down- 
ward trend a lengthening. A zero value 
means that binocular fusion could not be 
accomplished. 

It is noted that at six meters distance, 
after a consumption of a small amount of 
alcohol, fusion power did not change sig- 
nificantly. This is apparently due to the fact 
that the exophoria lessened-and the eye ap- 
proached an orthophoric position. There- 


before 


even 
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after, fusion time became progressively 
longer with increasing alcohol dosages as 
demonstrated by the steep decline of the 
solid curve. 

At 82 cm. observation distance, the fusion 
time became consistently longer with higher 
blood alcohol levels (broken line). With 
near vision (33 cm., dotted curve), fusion 
time became longer and all subjects failed 
to fuse entirely at blood alcohol contents 
above 0.1 percent. 

The behavior of the initially orthophoric 
group of observers is illustrated in Figure 
2. The type of plotting and the symbols used 
are the same as in Figure 1. 

At six meters distance, the visual axes 
converged increasingly with rising alcohol 
levels. At 82 cm., there was a very slight 
development of esophoria; whereas, at 33 
em. distance, exophoria developed. 

In the left part of Figure 2, it is seen that 
fusional power decreased at all distances. 
Since the orthophoric group is represented 
by only three subjects, the individual varia- 
tions have a large effect on the smoothness 
of the curve. This is especially true in the 
case of the last value on the 33-cm. curve, 
since only one subject in this group reached 
an alcohol level above 0.15 percent. It can 
be assumed that this part of the curve would 


Fig. 1 (Brecher, Hartman, and 
Leonard). Exophoric group, effect 
of alcohol on fusion time and 
phoria 

(Left) Changes in the reciprocal 
of the binocular fusion time in 
seconds with increasing blood al- 
cohol content (percent). Solid line: 
six meters viewing distance; 
broken line, 82 cm., dotted line, 33 
cm. 

(Right) Changes in horizontal 
phoria from zero to maximum 
blood alcohol content (horizontal 
scale exaggerated «10). 
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Fig. 2 (Brecher, Hartman, and 
Leonard). Orthophoric group, ef- 
fect of alcohol on fuswn tome and 
phonia. 

(Lett) Changes im the recipro- 
cal of the binocular fusion time in 
seconds with increasing blood 
alcohol content (percent). Solid 
line: six meters viewing distance; 
broken line, &2 cm., dotted line, 
33 om. 

(Right) Changes in horizontal 
phoria from zero to maximum 
blood alcohol content (horizontal 
scale exaggerated « 10) 
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have been lowered if the other subjects had 
been able to reach this level. 

igure 3 represents the data of the 
initially esophoric group (six subjects). 
The type of plotting corresponds to that 
used in Figure 1. 

At six meters, the normally converged 
axes of these subjects converged still more 
with alcohol. At 82 cm. the esophoria im 
creased by a very small amount; whereas, 
at 33 cm. the esophoria decreased, went 
through a stage of orthophoria, and turned 
into an exophoria with greater alcohol in- 
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gressively longer at all distances, with alco 


became 


toxication. fusion pro- 
hol ingestion. 

In all three groups of subjects, it was 
found that binocular fusion could still be 
retained at the &2-cm. observation distance, 
while it was already lost at distant (six 
meters) and near (33 cm.) vision. 

Figure 4 depicts the average reciprocal 
fusion of all 14 subjects plotted 
against the blood alcohol content. It ts noted 


times 


that the fusion times became progressively 
longer with increasing alcohol intoxication. 


Fig. 3 (Brecher, Hartman, and 
Leonard). Esophoric group, effect 
of alcohol on fusion time and 
phorta. 

(Left) Changes in the reciprocal 
of the binocular fusion time in sec- 
onds with mereasing blood alcohol 
content (percent). Solid line: six 
meters viewing distance; broken 
line, &2 cm., dotted line, 33 em. 

(Right) Changes in horizontal 
phorta from zero to maximum 
blood alcohol content (horizontal 


scale exaggerated 
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Fig. 4 (Brecher, Hartman, and Leonard). Effect 
of alcohol on binocular fusion. 

Average of results for three groups and three 
distances, Changes in the reciprocal of the binocular 
fusion time in seconds with increasing blood alcohol 
content (percent). 


Figure 5 illustrates the effect of alcohol 
on voluntary convergence. The angle of 
voluntary convergence in degrees is plotted 
on the ordinate and the blood alcohol content 
on the abscissa. The data represent the 
average of all 14 subjects. It is noted that 
with mild alcohol ingestion up to 0.03 per- 
cent, there was no impairment of the power 
to converge voluntarily, whereas this power 
was progressivly impaired at higher alcohol 
levels. 

Figure 6 shows the effect of alcohol on 
vertical phoria at different observation 
distances. On the ordinate, the degree of 
change in hyperphoria is plotted in prism 
diopters (hyperphoria for the right eye 
above the horizontal line, for the left eye 
below the horizontal line). 

According to the three observation 
distances, there are three separate graphs 
in Figure 6, for the screen distance of six 
meters (top), 82 cm. (middle), and 33 em. 
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Fig. 5 (Brecher, Hartman, and Leonard). 
Changes in the angle of voluntary convergence 
(degrees) with increasing blood alcohol content 
(percent). 


(bottom). Blood alcohol content is plotted 
on the abscissa. The closeness of the points 
to the horizontal of zero prism diopters for 
all three screen distances illustrates that 
vertical phoria was not significantly changed 
by alcohol intoxication. This confirms the 
observation of Charnwood.* 


DiIscuUSSION 


The results of these experiments con- 
tribute to the solution of the question, 
whether the binocular fusion reflex as such 
is impaired with alcohol intoxication, thus 
causing alcohol diplopia. The strength of 
this reflex (binocular fusion power) was 
determined by measuring the time necessary 
to elicit it when normal binocular fusion 
stimuli were presented in the form of brief 
flashes, at a frequency of three per second. 
The time measured, called “fusion time,” 
was taken as index of the binocular fusion 
power.° 

It was found that regardless of directional 
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Fig. 6 (Brecher, Hartman, and 


Leonard). Changes vertical 
phoria with increasing blood al- 
cohol content (percent). Solid line, 
trend line at six meters viewing 
distance; broken line, 82 cm.; dot- 
ted line, 33 cm. Dot-and-dash line, 
zero hyperphoria. 
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and quantitative changes in phoria, the 
average fusion time became progressively 
longer with increasing blood alcohol levels. 
From these findings, it must be concluded 
that alcohol impairs directly the functioning 
of the binocular fusion reflex. 

The power of voluntary convergence was 
also impaired with alcohol intoxication. 
However, this cannot be the cause of the 
failure to fuse, since the reflex of binocular 
fusion is tested under experimental condi- 
tions in which voluntary efforts were found 
to have very little effect. 

The experiments elucidate, futhermore, 
the controversial findings of Colson* and 
Powell® as to the heterophoria changes with 
alcohol. This was accomplished by measur- 
ing phorias at far, near, and intermediate 
distances and by following the changes to 
higher degrees of intoxication than previ- 
ously studied.”* It was found that regard- 
less of the initial type of phoria (eso or exo) 
the visual axes always converged with alco 


hol at six meters observation distance, di- 
verged at 33 cm. but changed only slightly 
at 82 cm. With high aleohol concentrations, 
all subjects approached orthophoria or a 
small degree of esophoria at 82 cm. 
Unfortunately, the intermediate distance 
of 82 cm. had to be chosen in these experi- 
ments without previous knowledge of the 
optimal distance, at which phoria remains 
unaltered. The results show that a screen 
distance slightly less than 82 cm. would 
have been better in order to find the point at 
which there was no phoria change at all with 
alcohol, An attempt to determine graphically 
this particular distance is shown in Figure 7. 
The change in horizontal phorias was ex- 
pressed as the ratio: diopter/percent blood 
alcohol content, for each of the three obser- 
vation distances. The values for the group 
which was initially exophoric at six meters 
is symbolized by an “X,” the orthophoric 
group by a point, the esophoric group by an 
upright cross, and the average of all groups 
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Fig. 7 (Brecher, Hartman, and 
Leonard). Ratio of change in hori- 
zontal phoria with increasing blood 
alcohol content (prism diopters/ 
percent of blood alcohol) as a 
function of the reciprocal of the 
viewing distance in meters. (X) 
exophoric group; (.) orthophoric 
group; (4+) esophoric group; (0) 
mean of three groups. Intersection 
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of trend line with horizontal (axis 
of abscissae) indicates reciprocal 
of viewing distance (56-60 cm.) at 
which horizontal phoria would not 

x change with increasing blood alco- 
hol content. 


£xo 2 
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by an open circle, The change of hetero- 
phoria is plotted as ordinate in prism diop- 
ters per percent of blood alcohol content 
against the reciprocal of the screen distance, 
in meters, as abscissa. 

The upper left values illustrate that at six 
meters screen distance, marked esophoria 
developed, at 82 cm. a very small amount 
of esophoria and at 33 cm. distance marked 
exophoria. Connecting the average values 
with a straight line one notes that this line 
intersects the line of “no phoria 
change” at about 56 to OD em. 

From these findings, it may be concluded 
that the resting position of the eyes at which 
alcohol does not cause phoria to change is at 
a distance of about 60 cm. The fact that the 
eyes assume this “position of rest” could 


be explained by the decrease or removal of 
neuromuscular co-ordination through the 
action of alcohol. 

Placing the “position of rest” of the eyes 
at a viewing distance of about 60 cm. implies 
that the relative divergence and diminished 
accommodation for fixation at greater dis- 
tances are active Duke-Elder’® 
has summarized the evidence and arguments 


processes. 


for a divergence center, and recognizes 
negative as well as positive relative accom- 
modation. 

In the near reflex, according to Adler," 
“the contraction of the pupil begins only at 
the moment that the fixed object is at a 
distance of 0.5M., and not at the moment 
that accommodation begins.” 

The finding of a “position of rest” of the 
eye axes under alcohol influence agrees with 
the conjecture of Luckiesh and Moss’ “that 
the state of repose would be coincident with 
some compromise position between the ex- 
tremes of distant and near vision.” 

That the accommodative mechanism"? may 
be linked with this “position of rest” of 
both eyes could also be deduced from the 
“lead of accommodation” of 0.75D. at six 
meters’ and the well-known phenomenon 
pf “sky myopia” in the order of one to one 
and a half diopters. 

For a mean interpupillary distance of 
6.62 em., convergence at 56 cm. corresponds 
to a mean angle of the visual axis with the 
sagittal plane of 3.4 degrees. Unfortunately, 
the angle (alpha, 
gamma, kappa, lambda)‘ between the optical 


no measurements of 
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and visual axes were made for these sub- 
jects: the usual value for emmetropic sub- 
jects is about five degrees. Thus, in the 
“position of rest,” the optic axes are more 
nearly parallel than the visual axes. 

As reported by both Colson' and Powell? 
there is a decrease in convergence ability 
with increasing concentrations of alcohol. 
The decreases in the convergence angles 
found here are considerably greater than 
those reported by Colson.’ This is probably 
due to the fact that greater quantities of 
alcohol were consumed by the subjects in 
these experiments. 

higure 5 shows that at higher levels there 
is an almost linear relationship between 
blood alcohol concentration and the angle of 
convergence. If this line could be extrapo- 
lated the angle of convergence would then 
be zero at a blood level of about 0.26 per 
cent. From this it might be assumed that at 
this alcohol level there would be complete 
failure of voluntary convergence. A similar 
extrapolation on Figure 4 indicates that 
fusion power would be lost at the same blood 
alcohol concentration. This concentration is 
roughly that at which all voluntary muscular 
control 1s lost." 

It is interesting to note that legal intoxi- 
cation is generally accepted as a 0.15-per 
cent alcohol concentration. In the 0.05-0.15 
percent range an individual is considered 
“under the influence.”* ° From these exper- 
iments it can be seen that at the level of 
definite intoxication, fusion power and con- 
vergence are very markedly impaired. At the 
0.05-percent level neither of these mecha- 
nisms seem seriously handicapped but, some 
where between 0.05 and 0.15 percent, all 
subjects showed definite impairment. Most 
of the subjects showed no significant change 
in visual acuity over the entire range of 
blood alcohol concentration. In three cases 
there was a measurable decrease in visual 
acuity at the higher alcohol levels. 


SUM MARY 

The question was studied whether alcohol 
diplopia can be attributed to change im 
phoria and loss of convergence power as 
previously postulated or to an impairment 
of the binocular fusion reflex. This was 
tested in 14 subjects with a new method in 
which the strength of binocular fusion 
could be determined by measuring the time 
necessary to accomplish binocular fusion. 

It was found that diplopia is caused by the 
progressive impairment of the binocular 
fusion reflex with rising levels of blood 
alcohol content. This impairment of the 
fusion reflex occurs regardless of changes in 
phoria and of the weakening of voluntary 
convergence, The decrease in binocular fu 
sion power is due to an impairment of the 
general neuromuscular co-ordination — by 
aleohol which at the same time affects the 
position of the visual axes and diminishes 
the power of voluntary convergence, 

Phoria and fusion power were measured 
at 6(0-cem., &2-cm.,. and 33-cm. observation 
distances. With rising alcohol levels, marked 
esophoria developed progressively at 600 
em., only little esophoria at 82 em., but 
marked exophoria at 33 cm. This indicates 
that the visual axes come to a “position of 
rest” at a distance slightly less than 82 em 
(about 60 cm.) under strong aleohol intoxt 
cation. 

This evidence supports the hypothesis that 
binocular vergence is normally controlled 
by two different mechanisms, a convergence 
and a separate divergence mechanism, since 
the removal of these mechanisms by alcohol 
cause the eyes to assume an intermediate 
or neutral position. 

2109 Adelbert Road (6). 
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AN EXPERIMENTAL STUDY OF ELECTRORETINOGRAPHY* 


1. THE ELECTRORETINOGRAM Iv EXPERIMENTAL ANIMALS UNDER THE 


INFLUENCE OF METHANOL 


AND ITS OXIDATION 


PRODUCTS 


J. Pu.D., R. Spurney, A.B., anp A. M. Ports, M.D. 
Cleveland, Ohio 


Several investigators have attempted to 
elucidate the site of generation of the electro- 
retinogram by studying the effects of drugs 
on the electroretinogram and optic-nerve dis- 
charge. Extensive studies of this sort have 
been carried out on amphibia and reptiles by 
Granit' and Therman* and on mammals by 
Noel.” We, on the other hand, have been pri- 
marily imterested in assaying the effect of 
various toxic substances on the visual system 
as manifested by changes in the electro- 
retinogram and optic-nerve discharge. As a 
direct result of this investigation, informa- 
tion was also obtained which is of value in 
considering the problem of the site of origin 
of the various electroretinogram potentials. 

This latter approach is of particular value 
when the retinal toxicity of a substance is due 


-- 


* From the Laboratory in Research in Ophthal- 
mology and Department of Physiology Western Re- 
serve University, and the Ophthalmologic Service, 
Department of Surgery, University Hospitals of 
Cleveland. Supported by a grant from the National 
Institute of Neurological Diseases and Blindness, 
U. S. Public Health Service. 


to its conversion into a toxic product by 
metabolic processes. In such a case, the sus- 
pected intermediates can be tried and the 
most likely agent can be picked out on the 
basis of the relative concentrations necessary 
for an effect. 

The problem of human methanol poisoning 
falls into this category. In previous work 
reported from this laboratory‘ efforts were 
made to identify the proximal toxic agent in 
methanol poisoning. The chief candidates 
were methanol and its oxidation products, 
formaldehyde and formate. Experiments in 
vitro on the metabolic activity of the surviv- 
ing retina showed that for every enzyme 
activity tested, the inhibitory potency was 
formaldehyde > formate > methanol. These 
experiments showed that anerobic glycoly- 
sis was by far the most sensitive enzyme 
system and later work’ localized the inhibi- 
tion in the hexokinase portion of glycolysis. 

Noel* * has shown that other poisons of 
anerobic glycolysis, such as azide and iodo- 
acetic acid, also cause retinal effects which, in 
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his experiments, are signaled by marked 
changes in the pattern of the electroretino- 
gram and optic-nerve discharge. These effects 
occur in concentrations considerably below 
the whole animal toxic dose. The action of 
iodoacetic acid has been attributed to specific 
inhibition of retinal anerobic glycolysis. It 
has been further claimed that anoxia affects 
other components of the electroretinogram 
than iodoacetic acid. On this basis the electro- 
retinogram components of the cat and rabbit 
are classified into two groups, those resistant 
to anoxia and those resistant to iodoacetic 
acid, The cat b-wave* and the rabbit a-wave 
are most resistant to iodoacetic acid and least 
resistant to anoxia, while the rabbit b-wave 
and the cat a-wave are most resistant to 
anoxia and least resistant to 1odoacetic acid. 
Azide, on the other hand, affects the rabbit 
and cat electroretinogram in the same way as 
iodoacetic affects the rabbit electroretino- 
gram. There is as yet no satisfactory ex- 
planation for this discrepancy. 

Since formaldehyde, in the concentrations 
used below, is a specific inhibitor of retinal 
anerohic glycolysis, it has seemed profitable 
for the authors to compare its action to that 
of azide and iodoacetic acid as well as to 
compare the relative effects of methanol, 
formate, and formaldehyde on the electro- 
retinogram. 


Metuops AND MATERIALS 


The experimental animals were adult rab- 
bits and cats. The animals were anethesized 
with nembutal, intubated for artificial re- 
spiration, and then completely immobilized 
by curarization. Control experiments had 
previously established that nembutal in the 
doses used had negligible effect on the 
electroretinogram and optic-nerve discharge. 


*It is assumed that the reader is familiar with 
the conventions regarding the naming of the waves 
of the electroretinogram and optic-nerve discharge. 
For information on the naming and derivation of 
the electroretinogram waves, see Bound's review." 
The naming of the waves of the optic-nerve dis- 
charge follows the nomenclature of Bartley and 
Bishop.’ 


Access to the posterior pole of the eye was 
obtained by removal of the zygoma and por- 
tions of the frontal and temporal bones. The 
electroretinogram was then recorded by 
means of Ag-AgCl-wick electrodes, one on 
the cornea, the other on the sclera near the 
posterior pole. The optic-nerve response, 
where recorded, was picked up by means of 
either a steel or tungsten microelectrode, in- 
sulated except for the tip, and inserted by 
visual control into the optic nerve a few 
millimeters anterior to the chiasm. Access to 
the intracfanrat optic nerve was gained by 
removal of the skull over the frontal and tem 
poral regions and removal of the anterior 
third of the homolateral hemisphere. Inter 
ference with the blood supply to the optic 
nerve was carefully avoided. Bleeding was 
controlled by cautery and topical thrombin. 
A properly prepared experimental animal 
showed no signs of deterioration five hours 
after surgical procedures were completed. 

The apparatus is described in detail mm the 
appendix, 

The stimulus was white tungsten light of 
one foot candle intensity. The duration of the 
stimulus was usually 200 milliseconds. Four 
minutes of dark adaptation were allowed un 
the flashes 
necessity, too short. 

Methanol and ethanol were given by stom 
ach tube in the concentration of 25 gm, per 
liter of water. Formate and formaldehyde 


less interval between was, of 


were administered intravenously-—formate 
as the sodium salt, neutralized to pH 7.4 m 
concentrations of 400 mg./ce., and formalde- 


hyde in concentrations of 50 mg./ce. 


RESULTS 


A. THE EFFECT OF METHANOL AND ETHANOL 
ON THE ELECTRORETINOGRAM 


Figure 1 (above) shows the dose of metha- 
nol required to affect the electroretinogram in 
the cat. Two hours after the enteric adminis 
tration of such a dose, the b-wave is elimi 
nated and a negative electroretinogram ob 
tains. Unoperated animals receiving this 
quantity of methanol become comatose in a 


4 J. PRAGLIN, R. SPURNEY AND A. M. POTTS 


METHANOL 2HRS AFTER 
ONT ROL METHANOL 


Fig. 1 (Praglin, Spurney and 
Potts). (Above) The effect of 10 


gm./k. of methanol on the cat 

electroretinogram. (Below) The 

EF THANOL 2ZHRS AF TER effect of 15 gm./kg. of methanol on 
CON T = F THANOL the cat electroretinogram. 


Equimolar doses of ethanol (fig. 1-below ) RETINOGRAM 
produce identical electroretinogram effects The dose of sodium formate required to 
and are similarly fatal. Exactly the same re- affect the electroretinogram in the cat is 1.0 
sults were obtained with rabbits. gm./kg. The results of such an experiment 
2 MIN AFTER 
CONT ROL HCOOH 


Fig. 2 (Praglin, Spurney and 
Potts). The effect of 1 em./kg. of 
formate on the electroretinogram of 
the cat. 
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are shown in Figure 2. As before, the b- 
wave is eliminated and the electroretinogram 
consists of only a negative-type electroretino- 
gram. Recovery from this effect occurs 
within two minutes. It should be noted that 
the b-wave re-emerges just previous in time 
to the marked negative deflection caused by 
formate administration. The dose of formate 
required for this effect, although large, was 
below the lethal concentration. It was not 
possible to produce an_ eleciroretinogram 
effect in the rabbit with any attainable dose 
of formate. 


(. THE EFFECT OF FORMALDEHYDE ON THE 
ELECTRORETINOGRAM AND ON OPTIC-NERVE 
DISC ILARGE 


The dose of formaldehyde required to 
affect the electroretinogram in the cat is 20 
mg./kg. The results of such an experiment 
are shown in Figure 3. The upper tracing 
shows the electroretinogram, the lower, the 
optic-nerve discharge with its on and off 


CONTROL 


- 


45 SEC AFTER 
HCHO 


STIMULUS 200 MSEC 


waves. The immediate effect of formaldehyde 
is the abolishment of the b-wave and the 
optic tract discharge. The electroretinogram 
changes to a large negative-going deflection. 
Four minutes later, the b-wave has returned 
to some extent, appearing in the trough of 
the negative wave. At that time the on-wave 
of the optic tract reappears. In about 30 
minutes a complete return to the controb pie- 
ture is evident. The off-wave of the optic 
tract returns considerably later in time than 
the on-wave. In the cat, the reapparance of 
the off-wave is not correlated with any other 
event in the electroretinogram optic-nerve 
discharge. 

ligure 4 shows a similar experiment with 
the rabbit. The control picture shows a typi- 
cal rabbit ERG and optic-nerve discharge. 
In the rabbit, the optic-nerve discharge con- 
sists of both an early and a late on-discharge 
as well as an off-discharge, Formaldehyde, as 
before, immediately eliminates the b-wave. 
In the optic tract, the late on-wave and off. 
waves disappear but the early on-wave re 


Fig. 3 (Praglin, Spurney and Potts). The effect of 20 mg./kg. of formaldehyde 
on the cat electroretinogram. 
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Fig. 4 (Praglin, Spurney and Potts). The effect of 40 mg./kg. of formaldehyde on 
the rabbit electroretinogram. 


mains at first. However, as the negative elec- 
troretinogram increases in amplitude, pos- 
sibly, as Noel suggests, by progressive loss 
of the b-wave component the early on-wave 
is in part affected. Recovery is quickly at- 
tained and the late on-wave and the off-wave 
return simultaneously. As in the cat, com- 
plete recovery occurs in a few minutes. 

In the doses listed here (from 20 to 40 
mg./kg.) no whole animal toxic effects were 
ever noted, and complete recovery of electri- 
cal phenomena was always obtained. 


D. THe EFFECTS OF FPORMALDEHYDE AND 
LODOACETIC ACID 


In order to test whether or not formalde- 
hyde and iodoacetic acid act on the retina by 
the same mechanism, the experiment shown 
in Figure 5 was performed. A dose of 20 
mg./kg. of formaldehyde was given to a 
rabbit. The usual result, the immediate pro- 
duction of a P-III type electroretinogram, is 
shown. Two hours were allowed for recov- 
ery. At this time 15 mg./kg. of iodoacetic 


acid was given, and, as with formaldehyde, 
the b-wave was eliminated. Fifteen minutes 
after this a second dose of formaldehyde 
was given. As can be seen, no additional 
effect could be noted. 


DISCUSSION 


As stated in the introduction, the results 
of this investigation yield two types of in- 
formation——-specific data on the relative toxi- 
city of methanol, formate, and formaldehyde 
and more general information on the com- 
ponents of the electroretinogram and optic- 
nerve discharge and their interrelationship. 
These results will be discussed separately. 


A. THE COMPARATIVE TOXICITY OF METHA- 
NOL, FORMALDEHYDE, AND FORMATE 


As the experimental results have shown, 
the effect of all three substances is quite 
similar—elimination of the b-wave and pro- 
duction or a P-III or negative-type of elec- 
troretinogram. The doses necessary for this 
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TABLE 1 
DOSAGES OF DRUGS NECESSARY TO GIVE EFFECT 


Concentration Just Giving 
Electroretinogram Effect 


Concentration Giving 50-percent 
Inhibition of Retinal Glycolysis* 


Substance 
Mol. /kg. Relative Concen- Mol. /L. Relative Concen- 
Animal tration Formal. = | Homogenate tration Formal. = I 
CH,OH 0.31 440 3.0 3,000 
HCOO 0.022 32 0.025 25 


HCHO 0.0007 


effect, however, are markedly different, as 
Table 1 shows. 

Only formaldehyde was effective in small 
enough concentrations for it to be considered 
as functioning as a specific enzyme inhibitor. 
There is a striking similarity between the 
doses of inhibitor required to give the electro- 
retinogram effect and the concentrations re- 
quired for inhibition of glycolysis reported 
previously.* This correspondence is shown in 
Table 1. Whatever the significance of the 
actual concentrations, the correspondence in 
order of magnitude is striking and cannot be 
ignored. 
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0.001 


The calculations previously made on the 
basis of the retinal metabolism figures (and 
on the fact that as little as 10 gm. total dose 
or 0,005 mols./kg. of methanol can cause 
blindness in man) apply equally here. The 
only one of the three substances which 1s 
inhibitory to the electroretinogram in concen- 
trations comparable to the human blindness 
dose is again formaldehyde. 

The uniqueness of the formaldehyde effect 
is underlined by our finding that the two 
carbon homolog, acetaldehyde, does not dis 
turb the electroretinogram in doses 50 times 
higher than the effective formaldehyde dose. 


2 HRSAF TER 
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Fig. 5 (Praglin, Spurney and Potts). The effect of formaldehyde and iodoacetic acid on the rabbit 
electroretinogram. The dose of iodoacetic acid was 15 mge./ke. The dose of formaldehyde in both cases 


was 20 mg./kw. 
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Fig. 6 (Praglin, Spurney and Potts). Block diagram of electroretinography apparatus. 
Explanation in text. 


Conversely, the general nature of the 
methanol effect is shown by the fact that 
comparable molar doses of ethanol reproduce 
the effect exactly——both alcohols requiring 
400 times the formaldehyde dose to do this. 
In addition. the alcohols must be given at 
levels which inevitably produce coma and 
death ; and the conclusion is inescapable that 
here one is dealing only with the narcosis 
typical of a large series of organic solvents. 

As mentioned earlier, one possible assump- 
tion from the foregoing is that formaldehyde 
is the proximal toxic agent in methanol por- 
soning and that the difference in susceptibility 
between primates and other animals is a dif- 
ference in rate of manufacture of formalde- 
hyde from methanol. In a preliminary at- 
tempt to investigate this hypothesis, rabbits 
were given a daily, intravenous, sublethal 
dose of formaldehyde (40 mg./kg.) for one 
to two weeks. Results to date are equivocal, 


for an occasional animal did appear to have 
abolition of the clectroretinogram. If the dif- 
ferences are based on rate of formaldehyde 
destruction, of course, such an experiment 
should be negative in the rabbit and positive 
in the primate. Work in this direction ts 
being continued. 

The effect of formate is intermediate be- 
tween that of methanol and formaldehyde as 
shown by Figure 2. Like formaldehyde, a re- 
versible effect is produced at nontoxic levels 
but the dose required for its action is far in 
excess of that required by any known meta- 
bolic inhibitor. Nevertheless, the action of 
this substance is reversible and the effect is 
reached at non-toxic levels. The effects of 
formate on the electroretinogram are slightly 
different from those of formaldehyde, more- 
over, as a comparison of Figures 2 and 3 will 
show. We may note that the b-wave dis- 
appears in both cases but that in the case of 
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Fig. 7 (Praglin, Spurney and Potts). Schematic diagram of D.C. amplifier for electroretinogram recording. 


formate the b-wave reappears in the electro- b-wave reappears in the trough of the nega- 
retinogram trace just before the point at tive response. Further investigation of the 
which the negative wave descends from the formate effect will be necessary before it can 
baseline. In the case of formaldehyde, the be decided whether or not formate and 
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Fig. 8 (Praglin, Spurney and Potts). Schematic diagram of power-supply for D.C. amplifier of Figure 7 
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formaldehyde actually differ in their retinal 
actions. 


Bb. THe FRACTIONATION OF THE ELECTRO- 
RETINOGRAM AND OPTIC-NERVE DISCHARGE 
BY FORMALDENM YDE 


As we have seen, Figures 3 and 4, which 
represent, respectively, the effects of for- 
maldehyde on the cat and rabbit electro- 
retinogram and optic-nerve discharge, show 
essentially the same picture. After injection 
of formaldehyde, the b-wave is eliminated 
and taking its place is the classical P-I11-type 
clectroretinogram. At the point of greatest 
negativity, presumably the point at which the 
b-wave is at its lowest amplitude, electrical 
activity in the optic nerve is eliminated. Dur- 
ing the recovery process, aS soon as some 
return of the b-wave is shown in the electro- 
retinogram, the single on-wave of the cat and 
the early oh-wave of the rabbit reappear. It 
is not until some time later in both expert- 
ments that the remaining waves of the optic- 
nerve discharge reappear. 

The following conclusions can be drawn 
from these experiments : 

1. The on-discharge in the cat and the early 
on-discharge in the rabbit are probably func- 
tionally related to the b-wave, if we can as- 
sume, as Noel does, that only when the nega- 
tivity in the poisoned electroretinogram 
reaches its maximum is the b-wave com- 
pletely eliminated. It is, nevertheless, not pos- 
sible to agree with Granit’s theory that the 
b-wave is the generator of the optic-nerve 
discharge since Figures 3 and 4 emphatically 
support Schubert’s® finding that the on-wave 
of the optic nerve occurs, in time, previous 
to the rising phase of the b-wave. This fact 
is especially well illustrated in Figure 3, the 
eight-minute tracing. Here, the abnormally 
large a-wave is exactly synchronized with the 
on-wave. In view of these facts, it must be 
considered that, if the on-wave and the b- 
wave are co-dependent, the b-wave must be 
thought of as an after-potential to the on- 
wave, somewhat analogous to spinal cord 
after-potentials, 


2.°The a-wave of the electroretinogram 
occurs synchronously with the earliest wave 
of the optic tract response. This fact plus the 
fact that the negative response remains after 
the b-wave and electrical activity in the 
optic nerve have been abolished, suggests that 
the P-ILI response may have closer connec- 
tion with receptor excitation than does the 
b-wave. A few preliminary experiments in 
this laboratory have lent plausibility to this 
conjecture by showing that formaldehyde- 
produced P-III responses are diminished by 
light adaptation and increased with dark 
adaptation. 

3. The off-waves of the optic nerve and, in 
the rabbit, the late on-wave can be disas- 
sociated from the first on-wave of the optic 
nerve by formaldehyde. This functional sepa- 
ration is shown very well in Figures 3 and 
4. The off-waves always take much longer 
to recover from the effects of formaldehyde 
than do the on-waves. The work of 
Kuffler’’ '' and Barlow’’ suggest that, while 
on-discharges in single fibers of the optic 
nerve may be generally due to more or less 
direct conduction of impulses from the recep- 
tors via the bipolar cells to the ganglion cells, 
off-discharges occur by means of interaction 
between parts of the retina on the fringe of 
the stimulated area with those parts maxi- 
mally stimulated, via cross-connecting neu- 
rons. In the light of this, it is possible that 
the fractionation of the optic-nerve discharge 
by formaldehyde is due to a greater suscepti- 
bility of retinal cross-connections than of 
the direct transmission chain to formalde- 
hyde. 

4. In the rabbit the late on-wave and off- 
wave seem to be related. This conclusion is 
reached since on formaldehyde poisoning 
they disappear together and reappear to- 
gether, 


C. A COMPARISON OF FORMALDEHYDE, 10D0- 
ACETIC ACID, AND AZIDE 


A comparison of our results on formalde- 
hyde with those of Noel on iodoacetic acid 
and azide yields the following information: 
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1. The actions of azide and formaldehyde 
on the electroretinogram are identical. Both 
act in a completely reversible fashion. 

2. Whereas formaldehyde reversibly frac- 
tionates the optic-nerve discharge, azide 
causes a lasting depression of optic nerve 
excitability. 

3. Both in the rabbit and in the cat the 
action of iodoacetic acid is irreversible. 

4. In the rabbit the initial effects of iodo- 
acetic acid resemble those of azide and for- 
maldehyde. 

5. In the cat Noel claims that the b-wave 
is more resistant to iodoacetic acid than the 
a-wave. This effect differs from that of 
formaldehyde and azide where the opposite is 
true, 

Although these substances have in com- 
mon the property of inhibiting glycolysis at 
various stages, one cannot explain the di 
vergence of their late effects with the help of 
known biochemical mechanisms. 

This much is certain: When a rabbit (fig. 
5) is demonstrated to react to formaldehyde, 
allowed to recover, and given iodoacetic acid 
(15 mg./kg.) to abolish the b-wave, a second 
dose of 20 mg./kg. of formaldehyde does not 
produce its characteristic effect. 


SUM MARY 


1. The relative toxicities of methanol, 
formate, and formaldehyde on the retina of 
experimental animals have been investigated 
by electrophysiologic techniques. The doses 
of these substances necessary to abolish the 
b-wave of the electroretinogram were: 

Formaldehyde, 0.0007 mol./kg. of animal ; 
formate 0.025 mol./kg.; and methanol 0.03 
mol./kg. This result closely parallels the find- 
ings previously reported for inhibition of 
glycolysis in retinal homogenates. A dose of 
methanol sufficient to cause human blindness 
amounts to 0.005 mol./kg. Therefore, only 
if the methanol were converted to formalde- 
hyde would this concentration of methanol 
be sufficient to cause poisoning. This is con- 
sidered additional evidence that formalde- 


hyde is the proximal toxic agent in methanol 
poisoning. 

2. It has been shown that formaldehyde 
is a potent but reversible fractionating agent 
for both the electroretinogram and optic- 
nerve discharge. 

3. Time relations in our records support 
Schubert's conclusion’ that the b-wave can- 
not be considered the generator of the optic- 
nerve discharge. 

4. Fractionation of the optic-nerve dis- 
charge by. formaldehyde demonstrates the 
on- and off-waves of the optic tract arise by 
different mechanisms. 


University Hospitals (6). 


APPENDIX 


DESCRIPTION OF EXPERIMENTAL ARRANGEMENT 


The text refers to the block diagram of the 
experimental setup shown im Figure 6 

The subject is placed in a light-tight, shielded, 
ventilated room which occupies a third of the 
laboratory. The light source is an 18 A. 6 V, 
pact filament projection bulb or an electronic flash 
bulb (G.E. FT 524). The tungsten lamp is powered 
by an ATR #620-C-EL 10 battery eliminator 
(111). Low ripple and stability is assured by the 
connection of a lead storage battery across the 
lamp terminals in parallel with the power supply 
The photoflash bulb is powered by a 300 watt, 5,000 
volt supply. Included in this supply is a thyratron 
pulsing circuit for firing the lamp. Repetition 
rates up to 1,000 flashes per second are possible 
with this device. 

The duration and frequency of the stimulus is 
controlled in the case of the tungsten bulb by an 
electromagnetic shutter (©) which ts driven by 
relay (B) and controlled by timing circuit (A) 

The timing circuit is capable of recurrent opera- 
tion in the range 0.05 to 1,000 cycles per second 
or it may be externally triggered for single stimu- 
lus operation. In routine experimental procedure, de 
pression of foot switch opens shutter of camera 
(1), the flash contact of the shutter closes a relay 
which initiates the stimulus timer. Immediately on 
closing of the switch, the sweep of the dual beam 
oscilloscope (Il) ( Dumont #322, SSPI11 long per- 
sistence screen) is triggered by the timer. At the 
same time, a variable delay multivibrator circuit 
which times a delay variable from 100 microseconds 
to six seconds, is triggered. At the end of this 
delay, when the oscilloscope sweep has progressed 
sufficiently to establish a zero baseline, the dame 
is initiated by the triggering of a second multi- 
vibrator which accurately times the stimulus dura 
tion in a range of 10 milliseconds to 10 seconds by 


Conn 
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actuating a fast-acting telephone-type relay. In 
turn, this relay energizes the electromagnetic shut- 
ter which consists of a rotary solenoid ( #8002, 
Price Electric Co.), modified by the addition of 
bearings and a lever arm, for interrupting the 
light beam. 

The intensity of light is modified by Wratten neu- 
tral density filters and the color selected by inter- 
ference filters placed in the light path. With this 
arrangement, light intensity and wave length can 
be varied through the entire physiologic range. A 
phototube monitor (I) amplifies and records the 
duration and intensity of the light stimulus. 

The electroretinogram (ERG) is picked up by 
nonpolarizable Ag-AgCl-wick electrodes placed on 
the cornea and posterior pole of the eye. The optic- 
nerve discharge is recorded intracranially between 
a steel or tungsten microelectrode placed in the 
optic nerve anterior to the chiasm and the posterior 
electroretinogram electrode. An indifferent elec- 
trode, common to both sets of electrodes, is placed 
in the neck region. 

The electroretinogram is amplified by a D.C. 
amplifer (FE) and the optic nerve discharge by a 
Crass model P4 capacity-coupled amplifier (1V). 

Since a D.C. amplifier of low drift is essential for 


completely accurate recording of the electroretino- 
gram, a circuit diagram of the D.C. amplifier with 
its associated power supply in shown in Figures 7 
and 8 After a warm-up period of two hours, the 
drift, with the input shorted, is less than 300 micro- 
volts per hours. 

A sine-wave oscillator (Hewlett-Packart #200D) 
is used to trigger time marker (G) in the range 
of seven to 70,000 cycles per second. The sine wave 
is converted into a trigger pulse which fires a multi- 
vibrator circuit once each sine wave cycle. The 
square wave produced by the multivibrator circuit 
is applied to the z-axis input of the oscilloscope and 
produces an intensity-modulated time signal on the 
oscilloscope trace. The width of the time marker is 
variable from 10 microseconds to 10 seconds. An 
internal phase-shift oscillator supplies additional 
time base frequencies of one and five cycles per 
second, 

The outputs from the amplifiers may be dis- 
played and recorded by the dual beam oscilloscope 
(Il) or the pen-writer (V) (Grass 4 channel pen 
wrt). 

The authors are indebted to Dr. H. K. Hartline 
for certain suggestions regarding the experimental 
set-up. 
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STUDIES ON THE VISUAL TOXICITY OF METHANOL*® 


V. THE ROLE OF ACIDOSIS IN EXPERIMENTAL METHANOL POISONING 


ANITA Peek Gitcer, M.D., anp Acpert M. Ports, M.D. 
Cleveland, Ohio 


Acidosis is prominent among the clinical 
signs in human methanol poisoning. Re’ 
postulates that, “severe acidosis is necessary 
for the amblyopia and 
amaurosis.” Benton and Calhoun? state, “the 
acidosis does not appear to be the cause of 


development. of 


amblyopia but it does act as an accelerating 
force. If acidosis can be corrected before 
permanent ocular damage has resulted, a 
return of normal visual acuity can be ex- 
pected.” The standard therapy of methanol 
poisoning combatting 
acidosis. 


today consists of 

In view of this, we have set ourselves the 
goal of trying to learn with laboratory ani- 
mals whether acidosis is the cause, or the 
companion, of methanol 
poisoning. Immediately the question arises 
as to whether any animals other than 
humans develop acidosis from methanol. 


visual loss in 


The literature apparently provides both yes 
and no answers. The second question is 
whether methanol causes visual damage im 
nonhuman species. Again the answers tn the 
literature are conflicting. Our work in at- 
tempting to solve the problem of whether 
methanol causes acidosis or visual damage 
in nonhuman species comprises the material 
for this paper. 


LITERATURE 
1. Acrposis 
In 1912, Schmiedeberg’ first postulated 


the development of acidosis in methanol 


*From the Eye Service, Department of Sur- 
gery, University Hospitals, and the Laboratory for 
Research in Ophthalmology, Western Reserve Uni- 
versity. This work was aided by a grant from the 
Office of Naval Research. A preliminary report on 
this material was given before the East Central 
Section of the Association for Research in Oph- 
thalmology, Pittsburgh, Pennsylvania, January, 


1954. 


> who 


had studied the metabolism of methanol in 


poisoning. Citing Pohl* and Bongers, 


experimental animals, Schmiedeberg con- 
sidered that in these animals the resultant 
formic acid was neutralized either by blood 
base or by newly formed ammonia. 
Schmiedeberg was undecided on the role of 
acidosis in visual loss. 

Krol (1913),° upon Schmiede 


berg’s theories, investigated the ammonia 


acting 


output in the urine of three dogs given non 
lethal divided doses of methanol. In all three 
he found the amounts of urinary ammonia 
were doubled to quadrupled. In one dog he 
also determined urine formates, finding that 
formates neutralized only a quarter of the 
ammonia. Krol did not learn what acid or 
acids did neutralize the remaining 75 per 
cent of the ammonia, although it was not 
oxalic acid. However, he believed the in- 
creased ammonia formation meant his dogs 
were acidotic. 

Grignolo (1913)" determined the hydro- 
gen ion concentration of aqueous and blood 
serum in three dogs with the concentration 
apparatus of ©, Foa. Although he found a 
very slightly higher hydrogen-ion concen- 
tration after single sublethal doses of 
methanol, (Grignolo concluded that these 
were “changes which do not depart signifi 
cantly from the physiological values.” In 
spite of this conclusion, he has been errone 
ously quoted in the literature’ as having 
demonstrated acidosis in dogs and as believ- 
ing the increased hydrogen ion concentration 
parallelled morphologic changes mm the eye 
tissues. 

Tyson and Schoenberg*"’ reported that 
methanol produced acidity of the aqueous 
in dogs and rabbits and acidosis in dogs. 
The authors presented no data about normal 
controls. The statement about acidosis was 
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based on determinations of blood electro- 
conductivity with a resistance bridge. 

They stated that an increase in electro- 
conductivity of the blood might result from 
the breaking up of the corpuscles, from an 
increase in the hydrogen ion content, or 
from any increase in the inorganic salts. Of 
these three possibilities, they decided that 
the increased electroconductivity of their 
dogs’ blood was due to an increase in the 
hydrogen ion concentration because blood 
serum folowing methanol was acid to 
phenolphthalein. 

These authors did not realize that blood 
of normal dogs is acid to phenolphthalein."' 
These strictures also apply to their descrip- 
tion of an acid aqueous.”* An additional 
source of error was that their animals suf- 
fered severe anoxic anoxia from unventi- 
lated inhalation experiments. Severe and 
prolonged anoxic anoxia causes acidosis 
(Van Koehler, Brunquist and 
Loevenhart'* found CO,-combining capacity 
dropping to 9.8 vol. percent in pigs with 
anoxic anoxia, It is evident that the con- 
clusions of Tyson and Schoenberg that 
methanol poisoning in experimental animals 
produced acidosis has no justification on the 
basis of their experimental data. 

Haskell, Hileman, and Gardner (1921),"° 
using the gasometric apparatus of Van Slyke 
and Cullen to determine plasma CO,- 
combining capacity in dogs, reached these 
conclusions : 

“In dogs poisoned with methanol, the 
severity of the intoxication is, at times, 
entirely at variance with the degree of 
acidosis. ... 

“Alkali, in the form of sodium bicar- 
bonate, has, in itself, little or no influence 
on the course of poisoning.” 

Although the authors evidently used large 
numbers of dogs, they give data on CO,- 
combining capacity for only three: two re- 
ceiving single oral doses of 7.9 gm./kg. had 
normal CQ,-combining capacities shortly 
before and after death; one receiving 6.3 
gm./kg. survived with the following CO,- 


combining capacities: 43.9 vol. percent be- 
fore methanol, 33.2 vol. percent at 24 
hours, and 29.6 vol. percent on the third 
day. The authors reported seven dogs given 
6.3 gm. methanol/kg., orally, plus 1.25 to 
5.0 gm. NaHCO,/kg./24 hours given either 
orally or intravenously. All except one died 
and at intervals bearing no relationship to 
the amount of sodium bicarbonate. No CO,- 
combining capacities were reported as being 
done on this treated series. 

Loewy and Miinzer (1923)"* disagreed 
with Krol’s conclusion that increased uri- 
nary ammonia formation meant that the dogs 
were acidotic. In two rabbits and one dog, 
they found no decrease in the CO,-combin- 
ing Capacity or increase in pH. Their use of 
usually sublethal, and often subtoxic, doses 
of methanol, their paucity of experimental 
animals, and their lack of duplicate deter- 
minations makes their work inconclusive, 
however. 

Leo (1925)** next tackled the problem of 
experimental acidosis by means of survivor- 
ship with and without therapy with sodium 
bicarbonate. He made no CQO,-combining 
capacity determinations and used four dogs. 
Two dogs received 1.45 gm. methanol/kg. 
every day for six days, by stomach tube, a 
low dosage. One of these two dogs received 
an average.of 2.5 gm. NaHCO, every day, 
seven times. The control dog died on the 
eighth day, whereas the treated dog was com- 
pletely well at that time. No experimental 
data were given for the second pair of dogs 
except that the control dog died on the sixth 
day and the treated dog on the 10th day. Leo 
stated that NaHCO, was without effect in 
the therapy of methanol-poisoned mice, rats, 
and rabbits, but gave no experimental data. 
This is not conclusive evidence, nor does Leo 
make such a claim. The German dog short- 
age unfortunately prevented his doing fur- 
ther work. He believed that these experi- 
ments indicated a species difference in reac- 
tion to methanol, and that sodium bicarbo- 
nate successfully combats methanol-induced 
acidosis in dogs. 
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Von Oecttingen™ believed that Leo’s as- 
sumptions were supported by the work of 
Rewiger (1922). Rewiger gave six dogs 
single, subtoxic, oral doses of methanol 
(1.04 to 1.7 gm./kg.) and then determined 
their urinary nitrogen output by the Kjel- 
dahl method. Following methanol he found 
maximal increases in the daily yrinary nitro- 
gen of from 1.3 to 1.7 times their normal 
output. He likewise gave two rats oral 
methanol at comparably subtoxic levels for 
the species (3.8 and 4.4 gm./kg.) and found 
no effect on the urinary. nitrogen. Rewiger 
subscribed to the theory that there is a 
parallel between eye damage and altered 
protein metabolism, but reported no eye 
examinations in his animals. 

Clark and Gibson (1933)*° reported that 
in dogs, while “sodium bicarbonate in suffi- 
cient amounts to maintain a normal acid-base 
balance was ineffective as was the repeated 
administration of glucose alone, .. . a com- 
bined therapy with sodium bicarbonate seems 
successful.” Experimental details were not 
published in this brief summary of an orally 
presented paper, but Dr. Clark very kindly 
made the experimental protocols available 
to us.** Doing CO,-combining capacity by 
the Van Slyke method, Clark found that, 
of four dogs fatally poisoned with orally 
administered, repeated doses of methanol, 
three developed severe acidosis. 

1. From a normal of 41 vol. percent to a low 

of 20 vol. percent. 

2. From a normal of 41 vol. percent to a low 

of 14 vol. percent. 


3. From a normal of 45 vol. percent to a low 
of 11 vol. percent. 


The fourth dog died before a postmethanol 
blood sample was obtained. Only one dog 
was given a single oral dose. This dog sur- 
vived 7.0 gm. of 20 to 25 percent methanol/ 
kg. without developing acidosis (from a 
normal of 36 vol. percent to a low of 31 vol. 
percent). Methanol doses and doses of thera- 
peutic substances varied in each experiment. 
However, even although dosages cannot be 
compared, the increased survival rate of the 


group treated with sodium bicarbonate and 
glucose and insulin was not mathematically 
significant. Survivals were as follows: 

. Methanol only—one out of five survived. 


2. Methanol and glucose—one out of three 
survived. 

3. Methanol and NaHCO,—none out of three 
survived. 

4. Methanol and NaHCO, and insulin and glu- 


cose—four out of six survived. 


Rge (1948)' measured the alkali reserve 
in rats and rabbits. Nine rats were given 
single doses of 6.3 gm. methanol/kg. by 
stomach tube. Our rat LDy. per os was 9.5 
gm./kg. (50-percent solution) and that of 
Alder, Buschke, and Gordonoff® (1Deo) 
was 8.3 gm./kg. (70-percent solution). Thus 
Rge’s dosage is evidently sublethal for rats. 
He collected bloods by decapitation on the 
two following days, finding all CO,-combin- 
ing capacities lying between 47 and 60 vol. 
percent. He also did a series of five rabbits. 
Two received daily oral doses of methanol 
varying from 2.4 to 5.5 gm./kg. for three 
and seven days. Neither showed acidosis. 
Three received single doses (6.3 and 7.9 
gm./kg.). Of these, one of the two 6.3 gm. 
rabbits showed a drop in CO,-combining 
capacity of 20 vol. percent on the second 
day, returning to normal on the third. This 
is not unusual for rabbits (see later). Values 
prior to administration of methanol were 
not reported for the other two, but second- 
day CO,-combining capacities were normal. 
Rge concluded that “like the rats, the rabbits 
showed no signs of acidosis.” 

Because of its bearing on aspects of our 
experimental work,”* a description of two 
early works on human acidosis is indicated. 
The first clinical use of alkali therapy was 
made by Harrop and Benedict (1920)** who 
investigated their patient's alkali reserve be- 
cause of the work of Schmeideberg’ and 
Krél.* Their patient drank about 2.5 to 3.0 
gm. methanol/kg. in one evening. About 48 
hours later she was almost blind and was 
acidotic. NaHCO, therapy corrected the 
acidosis. On the second day after ingestion 
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of methanol, the patient was found to have 
2,200 cc./liter of N/10 titratable organic 
acids in her urine. This dropped four days 
later to a normal 200 to 400 cc, N/10 acid /1. 
The method used for the determination of 
titratable organic acids was that described 
by Van Slyke and Palmer (1919).” Later 
in 1920 Van Slyke and Palmer® also de- 
scribed a patient who survived ingestion of 
methanol and who also showed an increase 
in titratable organic acids in his urine. 
Neither Harrop and Benedict nor Van Slyke 
and Palmer were able to ascertain what 
specific acid caused the increase following 
methanol. It was not caused by lactic, formic, 
or aceto-acetic acid. 


Il. OCULAR EFFECTS 


The production of clinical ocular damage 
by methanol in nonhuman animals has been 
reported by some authors and denied by 
others. Likewise, there is disagreement about 
the production of histologic changes in ex- 
perimental animals. A critical discussion of 
the much-debated questions relating to histo- 
pathologic changes in the peripheral visual 
apparatus is beyond the scope of the present 
report; however, for the sake of complete- 
ness, we are reporting the authors’ conclu- 
sions on histologic experiments. 

In humans, methanol frequently causes 
ocular signs and symptoms and blindness, 
about the appearance of which there is essen- 
tial agreement in the literature.* ** It is 
for these effects that we must look in the 
papers on experimental poisoning. Four 
common sources of confusion should be con- 
sidered before discussing the individual 
papers: 

One error is the conclusion that animals 
in the early stage of intoxication (the first 
few hours after administration of methanol) 
who bump or stumble over objects are blind. 
These are unquestionably ataxic manifesta- 
tions of alcoholic intoxication and are de- 
pendent upon temporary alterations of 
higher cerebral functions rather than due to 
any impairment in function of the peripheral 


visual apparatus. One does not observe 
blindness at this stage in human cases. 

A second error is that visual impairment 
following exposure keratitis is due to a 
specific ocular effect of methanol. All au- 
thors are agreed that nonprimates shortly 
after a sufficiently large dose of methanol 
become comatose. During coma, which can 
last as long as four days, the eyelids are 
usually open. A severe exposure keratitis 
with secondary bacterial invasion occurs in 
these cases and results in corneal opacifica- 
tion, which undoubtedly diminishes vision. 
This nonspecific secondary damage is not 
comparable to the methanol blindness of 
humans. 

The third error is concerned with altered 
pupillary sizes and reactions. These changes 
are common in all nonprimates; but neither 
in the literature nor in our experience do 
they show correlation with ocular damage 
as evinced by ophthalmoscopic and _histo- 
pathologic appearances. They are associated 
with semicomatose and comatose states. We 
believe that in nonprimates the mechanism 
of production of these pupillary changes is 
one common to all anesthetic agents and is 
unrelated to the specific ocular damage 
caused by methanol. Nystagmus is probably 
developed on a similar basis since higher 
alcohols are also reported to cause it; how- 
ever, no authors have claimed loss of vision 
because the animals developed nystagmus. 

A fourth error is that comatose and 
moribund animals who do not respond to 
visual stimuli are blind from the toxic ambly- 
opia of methanol. Animals in such states 
do not respond to any type of stimulus. 

In 1896 Joffroy and Serveaux,”’ in a study 
of acute intravenous and intramuscular 
methanol poisoning, reported nystagmus and 
pupillary changes (mydriasis and miosis) 
in dogs and rabbits. In two chronically 
poisoned dogs no eye changes were noted. 
These authors did not report having done 
ophthalmoscopic examinations. 

Baer (1898) gave rabbits single oral 
doses of methanol. He described early pu- 
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pillary changes; with lethal doses he often 
found nystagmus. 

Ward Holden (1899)"' was the first 
worker to claim that he produced the toxic 
amblyopia of methanol poisoning in expert- 
mental animals. This claim was based upon 
one dog who received 4.0 gm. methanol/kg. 
by stomach tube on days one and five of the 
experiment. Holden described early pupil- 
lary changes and blind drunkenness. On day 
seven he reported ocular irritation as shown 
by the dog’s rubbing his eyes with his paws. 
On day 15 (10 days after the last methanol) 
the corneas became diffusely hazy. On day 
16 the dog was found dead. The autolyzed 
eyes were sectioned and were said to show 
retinal ganglion cell and optic nerve degene- 
ration caused by methanol. An autopsy to 
determine the cause of death was not re- 
ported. 

Harry Friedenwald (1902),* in an ab- 
stract of an oral presentation, reported 
ganglion cell degeneration in rabbits with 
chronic methanol poisoning. No experi- 
mental details were published about clinical 
eye examinations. 

Birch-Hirschfeld in a series of scholarly 
papers (1900, 1901, 1902)**** reported his 
experiments in detail. He poisoned seven 
rabbits, three hens, four dogs, and three 
rhesus macaques with repeated oral doses of 
methanol. He described primary ganglion 
cell degeneration of the retina occasionally 
followed by optic-nerve degeneration. His 
clinical observations are of considerable in- 
terest. All of his animals with the exception 
of the hens received almost daily ophthal- 
moscopic examinations and tests for objec- 
tive signs of visual defects. Of these animals 
only one, a monkey, was considered by 
Birch-Hirschfeld to have definite evidence 
of ocular damage. This monkey, given 
methanol for 15 days (amounts of methanol/ 
body weight were not reported but produced 
toxic symptoms), showed from the IIth 
experimental day optic atrophy and dilata- 
tion and tortuosity of the retinal veins along 
with behavior indicating possible visual loss. 


One dog, poisoned for 35 days, showed on 
one examination a transient hyperemia of the 
discs with dilatation of the retinal veins, but 
had no clinical evidence of visual loss. Only 
in the monkey did Birch-Hirschfeld con- 
sider the clinical presence of a toxic ambly- 
opia a certainty. 

Reid Hunt (1902)** reported experiments 
on rabbits and dogs in which he believed 
one dog became blind. This dog, who was 
fatally poisoned with repeated doses and 
who had repeated episodes of unconscious- 
ness, developed a mucopurulent conjuncti- 
vitis followed by corneal clouding. When the 
corneas became blue, blindness was observed. 
This case has been extensively cited” as 
methanol toxic amblyopia in dogs. The de- 
scription in the paper is of blindness due 
to exposure keratitis and not to methanol 
toxic amblyopia. 

Lesieur (1906), giving lethal intrave- 
nous doses of methanol and other alcohols to 
rabbits, reported all alcohols caused nystag- 
mus rarely and mydriasis frequently. 

Nicloux and Placet (1912)" reported 
dilated pupils in one dog fatally poisoned 
with intravenous methanol. 

The paper by Igersheimer and Verzar 
(1913)* has been misquoted” in that it is 
cited as showing methanol amblyopia in 
hens. Igersheimer and Verzar reported that 
hens showed “diminishing of the light sense 
with methanol (that is, weaker scratching 
[for food] with diminishing light).” The 
authors said, “This raises the question 
whether these light sense findings are indica- 
tive of changes of the retina itself or should 
they be interpreted as cerebral fatigue symp- 
toms. We cannot venture at this time to 
give the answer to this question on the 
grounds of our experiments.” They also 
found no definite histopathologic changes 
in the eyes of their experimental animals. 

Krol (1913)°* stated that none of his three 
dogs nonfatally poisoned with divided doses 
showed any ocular damage. No ophthalmo- 
scopic examinations were reported. Krol’s 
doses were barely toxic and well below the 
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approximate oral minimum lethal dose for 
dogs. 

Kasass (1913) gave 40 rabbits toxic 
oral doses of methanol for periods varying 
from one to 267 days. On pathologic exami- 
nation he found “changes in the vascular 
membrane, in the membranes of the optic 
nerve, in the retina, beginning with dropsy 
and degeneration up to albuminuric retinitis, 
and, in the optic nerve beginning with 
parenchymatous degenerated neuritis up to 
axial atrophy.” 

In 15 of the 40 rabbits, Kasass reported 
ophthalmoscopic changes, the most frequent 
of which (14 rabbits) consisted of narrow 
retinal arteries. Dilated retinal veins occurred 
in four. Pale discs “which did not have any 
special significance’ occurred in eight. 
“White discs of suspicious appearance” were 
seen in three and acute optic atrophy in three. 
Kasass was unable to devise any test with 
which he could determine the presence or 
absence of vision in rabbits. 

Evaluation of this paper is difficult. In the 
early portion, Kasass stated that “numbers 
17, 21, and 23 have to be excluded since 
they died from other causes’; yet he de- 
scribed the pathologic changes in the periph- 
eral visual apparatus of these three rabbits 
and based his conclusions on findings in 
these three animals as well as in others. The 
unique difficulty of a funduscopic diagnosis 
of optic atrophy in the presence of the 
myelinated nervehead of the rabbit needs no 
emphasis. 

Langgaard (1913)* saw nystagmus in one 
of a series of rabbits fatally poisoned with 
oral methanol. 

Tyson and Schoenberg*’ reported acute 
and chronic inhalation experiments using 
five guinea pigs, one rabbit, nine dogs, and 
one monkey. They reported ophthalmoscopic 
changes in 100 percent of the examined dogs 
and the monkey, and retinal ganglion-cell 
degeneration in all animals. In passing, it 
should be mentioned that, except in two in- 
stances, all pathologic material was obtained 
from animals dead for an unknown period 


of time. Fundus changes reported in the dogs 
consisted, with one exception, of hyperemia 
and edema of the optic discs, and dilatation 
and darkening of the retinal veins. 

Their dogs were placed in an unventilated 
box. Calculations show severe anoxia was 
produced. The authors made ophthalmo- 
scopic examinations immediately after re- 
moving the dogs from the box; and eye 
changes were never reported after the few 
times in which the authors stated that free 
ventilation had been given. 

Anoxia is reported to cause dilatation and 
darkening of the retinal vessels, especially 
the veins (Cusick, Benson, and Boothby ;* 
Duguet, Dumont, and Bailliart*’), enlarge- 
ment of the blind spot (Goldmann and 
schubert**), and is believed “to play a role 
in the production of visual defects associ- 
ated with papilledema as sometimes occurs 
in hemorrhagic states’ (Walsh*’). 

Thus, anoxia alone can cause the ocular 
findings Tyson and Schoenberg ascribed to 
methanol. These eye changes are found in 
uncomplicated anoxia. Tyson and Schoen- 
berg’s unventilated box provided increasing 
carbon dioxide in addition to decreasing oxy- 
gen amounts. It is unnecessary to consider 
toxic effects of carbon dioxide here. 

The exception in the fundus changes was 
in one dog who from eight to 50 days had 
optic discs which were “paler than in the 
normal dog examined.” The monkey appar- 
ently received free ventilation during at 
least most of the experiments, as was fre- 
quently noted by the authors. On day 19, the 
dises were considered hyperemic as com- 
pared with the first examination; this was 
subsequently not upon, the 
monkey dying at 22 days. This might repre- 
sent toxic amblyopia; on the other hand, 
they report one dog who was killed when 
the assistant accidentally closed the vents 
for too long a time. 

In 1920, the official protocol of a meeting 
stated that, in association with the report of 
human cases of methanol poisoning, “Birch- 
Hirschfeld presented data of retina and 


remarked 
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optic nerve pathology in experimental ant- 
mals.” Apparently this was merely a sum- 
mary of his 1900 to 1902 experiments, a 
surmise abetted by the fact that Schwarz- 
kopf*’ working under Birch-Hirschfeld im 
1922 failed to cite any work more recent 
than 1902. 

Schanz (1920)** claimed that exposure of 
the eye to light precipitated the toxic ambly- 
opia of methanol poisoning. Schanz gave 
three rabbits single sublethal o1al doses of 
methanol. One eye of each rabbit 
covered, except during ophthalmoscopic ex- 


was 


aminations. One rabbit killed after 10 days 
showed no abnormalities, O.U. Rabbit No. 2, 
killed after 19 days, had a normal unlighted 
eye and large exudates in the lower half of 
the retina of the lighted eye. Schanz gave no 
description of these exudates, but this does 
not resemble the human toxic amblyopia 19 
days after methanol poisoning. No experi- 
mental details whatsoever about the third 
rabbit were reported. See discussion of this 
paper by Schwarzkopf.“ 

Friedenwald Felty (1920) gave 
rats, mice, guinea pigs, rabbits, and dogs 


and 


methanol doses comparable to those given by 
Birch-Hirschfeld. Ophthalmoscopic exami- 
nations were not done. They found that 
Birch-Hirschfeld’s histologic findings could 
be explained by artefacts due to fixation tech- 
niques rather than to methanol poisoning. 

Bills and Maukin (1921) exposed white 
rats to methanol fumes, getting 
systemic effects and even death. However, 
no decrease in brightness sensitivity was 


toxic 


observed. 

Schwarzkopf (1922)*' chronically poi- 
soned three rabbits and two dogs with meth- 
anol via stomach tube. He found retinal gan- 
ghon cell degeneration and occasional optic 
nerve degeneration but no definite clinical or 
ophthalmoscopic evidences of ocular damage. 
His experiments also dealt with exposure of 
the eyes to light, which he reported to be 
without effect on methanol poisoning. 

deSchweinitz (1923) reported data on 
three chronically poisoned dogs studied by 


From oral doses 
given every two to three days for nine to 80 


himself and co-workers. 


days, the dogs showed marked intoxication 
but “during life gave no indication, ophthal- 
moscopic or otherwise, of defective vision” 
and pathologic examinations failed to show 
retinal ganglion cell degeneration. In one 
dog there was very slight veiling of the 
dises on one day, but deSchweiitz did not 
consider this significant. 

Munch and Schwartze (1925)* studied 
acute oral toxicities in rabbits. Their only 
reported cye finding was frequently occur- 
ring nystagmus. 

Rost and Braun (1926)*" concluded, on 
of the 


their own work, that the specific poisoning 


the basis literature as well as of 
by methanol of the nervous apparatus of 


human found in animals. 


Their conclusions were based upon the fol- 


eyes was also 


lowing evidence. In poisonings of dogs, 
rabbits, hens, ducks, and a cat by orally ad- 
ministered, divided doses, one dog after five 
days of deep narcosis was found to have 
clinical eye changes. This was a blue-white 
opacity of the cornea. Ganglion cell changes 
were found in specimens obtained after dogs 
had been dead for unknown times; but no 
pathologic changes were found in the eyes 
of dogs experimentally killed. Rost and 
Braun also reported nystagmus in rabbits. 

Alfred Leo (1927)"* gave single doses of 
methanol to four dogs and chronically por 
soned two dogs (both orally ). In all expert 
ments he found no eye damage or changes 
except one episode each in two dogs of early 
pupillary changes. Leo did not do ophthal- 
moscopic or histopathologic examinations of 
the eyes. 

Weese (1928)°° used mice in chronic in 
halation experiments. Groll, who examimed 
the histologic sections of the cyes, found 
degenerative changes of the nervous ele 
ments of the retina bat was of the opinion 
that these changes were not necessarily the 
result of an intravital process. 

Noé (1929),” on the basis of acute intra 
venous poisoning experiments, claimed that 
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rabbits sometimes became blind. The evi- 
dence upon which this statement of blind- 
ness was made consisted of two rabbits who 
(1) did not raise their heads to a bright 
light in a dark chamber and (2) did not 
immediately go to a proffered cabbage leaf. 
One of these rabbits was moribund at the 
time of testing, dying less than four hours 
later. In consideration of the unpredictability 
of normal rabbit behavior, we do not find 
this evidence convincing, Noé reported no 
ophthalmoscopic or other ocular _find- 
ings. 

Keeser (1931, found formalde- 
hyde in the vitreous of rabbits given re- 
peated sublethal doses of methanol. After 
incubating surviving calves’ vitreous with 
methanol, he also found formaldehyde, which 
he considered the toxic agent in methanol 
poisoning. He reported, without giving the 
numbers of rabbits used, that “the animals, 
which for two weeks had daily received 3.0 
ce, methanol plus 0.5 gm. ammonium car- 
bonate/kg. body weight in dilute aqueous 
solution, showed less extensive changes in 
their organs by macroscopic examination 
than those animals who were given only 
methanol.” Keeser did not specify what 
organs or what changes. 

McCord (1931)°* and Scott, Helz, and 
McCord (1933) gave single and repeated 
doses of methanol by skin absorption, in- 
halation, and ingestion to rats, rabbits, and 
rhesus monkeys. Reported clinical ocular 
findings were: early pupillary dilatation and 
slow reaction to light (species unidentified ), 
corneal opacification in some of the rats and 
rabbits, clinical optic atrophy in rabbits, and 
blindness (one monkey, other species un- 
identified). No correlation was given be- 
tween dosage and clinical ocular findings. 
They reported the following histopathologic 
changes: parenchymatous degeneration and 
focal necrosis of the liver; parenchymatous 
degeneration of the epithelium lining the 
convoluted tubules of the kidney ; increased 
blood-forming activity of the spleen ; edema, 
congestion, and desquamation of the alveo- 


lar epithelium and pneumonic consolidation 
of the lungs; edema, granular degenera- 
tion, and necrosis of the muscular fibers of 
the heart; frequent hyperplasia of the lymph 
nodes; capillary congestion, edema, and 
patchy degeneration in the neurones of the 
spinal cord and brain; peripheral neuritis; 
constant retinal changes consisting of marked 
congestion of the choroidal vessels, edema, 
patchy degeneration of the ganglion cells; 
and rarely, including one raonkey blind at 
death, degeneration of the optic nerve. The 
report that a monkey was blind at death is 
significant. Unfortunately protocols giving 
details of the clinical and histopathologic 
findings are no longer available. 

Sammartino (1933)* gave a “series” of 
one rabbit a single intravenous sublethal 
dose of methanol. His only abnormal ocular 
finding was transient “hyperemia of the 
papillary veins” in the fundi. In six rabbits 
given formaldehyde and five given formic 
acid, he found fundi always normal. A minor 
fundus change of a debatable nature in one 
of a species with unusual discs does not 
constitute toxic amblyopia in our opinion. 

Harada (1937)* studied the antihelminic 
action of methanol and nine other drugs in 
mice and dogs. Along with four other drugs 
in dogs, methanol was reported to cause 
“sight damage, as was shown by blindness, 
mydriasis, slow pupillary reaction to light, 
anisocoria, and often fixed pupils.” Harada 
gave no evidence as to how he determined 
“blindness”; apparently his conclusion of 
blindness was based on the early pupillary 
changes in narcotized animals. Harada de- 
scribed a variety of histologic degenerative 
changes common to all 10 drugs; no details 
of techniques were given. 

Alder, Buschke, and Gordonoff?? worked 
with rats and rabbits giving both oral 
methanol. White rats were fatally poisoned 
with single and repeated doses. Their eyes 
showed no ophthalmoscopic changes, and 
with respect to histopathologic findings, the 
authors concluded that any alterations could 
equally well have been caused by artificial 
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means. Although white rabbits nonfatally 
poisoned with repeated doses showed no 
ophthalmoscopic changes, their retinas 
showed ganglion-cell degeneration. These 
rabbits were given 1.4 gm. of a 70-percent 
solution of methanol/kg. on days 1, 3, and 
4. For the rabbit this dosage should be sub- 
toxic; in our hands a single oral dose of 7.0 
gm. of 30-percent methanol/kg. was the 
approximate L.Dyoo. 

Tomita (1939)* fed dogs repeated daily 
doses of 1.4 to 12 gm./kg. of 30-percent 
methanol mixed with cow’s milk until death 
occurred. The diagnosis in some of these 
dogs of clinical visual damage was based 
upon pupillary changes or corneal opacifica- 
tion following exposure keratitis. Ophthal- 
moscopic examinations made on some of 
the dogs always showed normal eyegrounds 
except for one dog poisoned for 224 days 
and showing engorged retinal veins toward 
the end. degenerative 
changes of the ganglion cells of the retina; 
the optic-nerve 
softening, endarteritis, and bleeding in the 
brain. Fixation of tissues was done from 
zero to six hours after death. 

Koppanyi and Cutting (1941)** found no 
blindness in two dogs for several weeks 


Tomita reported 


degeneration of fibers ; 


after recovering from single oral doses of 
16 gm./kg. of absolute methanol, and in 
one dog given 8.0 gm./kg. All three were 
treated with massive intravenous infusions 
of one-percent NaCl. The higher dose is 
about double the lethal dose for dogs. No 


ophthalmoscopic examinations were re- 
ported. 
Sayers et al. (1942),% (1944) gave 


methanol mainly by inhalation and in a few 
experiments by skin absorption. Dosages 


were found to be subtoxic. No deviations 


from normal ophthalmoscopic findings were 
seen in any of the dogs. 

It is of great interest that the ophthal- 
mologist in this study, J. G. Linn, examined 
30 normal control dogs with the following 
varied findings: no abnormalities to slight 
congestion of the discs; slight to marked 


congestion of the discs and fundi; granular 
eyegrounds; pallor of fundi; pallor and 
fuzziness of the discs; one with slight exca- 
vation of the disc; and one with an exudate. 
Linn believed that slight congestion which 
may have slightly increased after methanol 
was on a vascular basis due to reactions to 
fright or struggling. 

Fink (1943)* concluded that he had 
demonstrated ganglion-cell degeneration and 
edema of the nervehead in histopathologic 
sections of dogs and rabbits poisoned with 
repeated doses of methanol. He found no 
apparent visual disturbances. Experimental 
details were not published, but Dr. Fink 
most kindly made available to us the pro- 
of his experiments. Five rabbits 
were given approximately (taking average 
rabbit size to be 2.0 kg.) 4.0 gm. of 100- 
percent methanol/kg. every other day, six 
doses. Slightly dilated or tortuous vessels 
were noted in all. Four dogs were given 3.5 
gm. of 100-percent methanol/kg. every other 
day, five doses. On one day, in one dog, 
dilated retinal vessels were seen. We assume 
that Fink felt the appearance of the retinal 
vessels was not significant since he reported 
negative results in his published papers. 


tocols 


Four rabbits received about 1.0 gm. of 
100-percent methanol/kg. every third day, 
20 doses, and four dogs received 0.66 gm. of 
100-percent methanol/kg. every third day, 
20 doses, without either series showing oph 
thalmoscopic changes. Doses in these last 
two groups were less than those given by 
authors previously reporting in vivo ocular 
changes after chronic poisoning. 

Rge (1948)' found no retinal ganglion- 
cell changes in rats poisoned with single 
oral doses or in rabbits poisoned with single 
and repeated oral doses. As previously 
noted, his rat doses were low. He made no 
report of clinical ocular findings. 

Fanta and Mayer-Obiditch (1953) re- 
ported deposition of an acidophilic material 
into sheaths and perivascular connective tis 
sue of the optic nerve in an unspecified num 
ber of rabbits who were killed apparently 
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only several hours after eating an unspecified 
amount of the methanol which was poured 
into their food, These authors stated, 
“There occurred again after the shortest 
time paralyses in the region of the rear 
extremities and various signs authorized the 
assumption that the sight of the animals 
was disturbed.” This was their only mention 
of clinical ocular findings; so from the con- 
text we believe the “various signs” were 
early narcotic effects such as ataxia and 
pupillary changes, rather than those of toxic 
amblyopia. 

Marconcini (1953)* claimed that sub- 
conjunctival injections of hydrogen peroxide 
apparently ameliorated the histopathologic 
changes in the optic nerves of rabbits after 
single systemic doses of methanol. He re- 
ported “intense hyperemia of the vessels of 
the ocular fundus” in three out of his series 
of four rabbits. One rabbit was given 3.0 
gm. of 15-percent methanol/kg., intrave- 
nously ; the other three were given 2.5 gm./ 
kg., intravenously. Noé™ reported 4.2 gm. of 
20-percent methanol/kg. was the intravenous 
minimum lethal dose for rabbits. Thus Mar- 
concini's doses were low. 


Ill. 


A. Much of the experimental work, from 
which methanol-induced non- 
primates is claimed, is technically inadequate. 
The cases shown in Table 1 have had CO,- 
combining capacity determinations made be- 


acidosis in 


fore and after methanol poisoning. This is in 
contrast to the frequent development of 
severe acidosis in humans following single 
oral doses, The numbers involved do not con- 
stitute adequate proof or disproof of a similar 
frequent development of acidosis in non- 
primates. 

B. Although there are many claims in the 
literature of clinical visual loss in expert- 
mental animals, some are erroneously based 
on four common sources of confusion which 
are not related to the typical methanol am- 
blyopia seen in humans. Other papers are 
inconclusive because (1) animals were given 
doses which were probably subtoxic or 
(2) insufficient evidence was reported. Some 
papers reporting negative results did not 
include ophthalmoscopic examinations. 

Five authors** ** reported nega- 
tive clinical ocular and ophthalmoscopic find- 
ings in rats, rabbits, dogs, and two rhesus 
monkeys. Almost all of these animals were 
chronically poisoned by oral administration. 
One paper® reported negative findings in 
brightness discrimination with rats. 

One paper® reported positive clinical and 
ophthalmoscopic changes chronically 
poisoned rabbits. We mentioned the possi- 
bility that these changes could be on the 
basis of confusion of appearance in view of 
myelinated nerve fibers, rather than on the 
basis of a true toxic amblyopia. 

One paper® reported one rhesus monkey, 
fully documented and reasonably incontesta- 


TABLE 1 
CASES IN THE LITERATURE SHOWING CO, COMBINING CAPACITY DETERMINATIONS 


BEPORE AND APTER METHANOL POISONING 


rene 
Species | Dosage | Result Acidosis 
Dog | 5 | Repeated | Fatally poisoned Severe 21 
Dog | 2 Single | Fatally poisoned | None 15 
Dog Single Nonfatally poisoned Moderate 15 
Dog I Single | Nonfatally poisoned None 21 
Rabbit 3 _ Repeated | Exper. killed but probably None I 
atal doses | 
Rabbit 2 Single | Exper. killed but probably None | 1 
| fatal doses | 
Rat ) 9 Single Exper. killed but probably | None 1 


sublethal doses 
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ble, with clinical and ophthalmoscopic evi- 
dence of toxic amblyopia caused by methanol. 

C. Authors’ summaries of histopathologic 
findings in experimental animals following 
methanol poisoning were listed. Some re- 
ported positive findings, mainly of retinal 
ganglion-cell and optic-nerve degeneration ; 
others were of the opinion that these changes 
could all be accounted for by autolysis and 
fixation techniques. We did not make a criti- 
cal evaluation of histopathologic experi- 
ments, 


MATERIAL AND METHODS 


|. ANIMALS 


Rats were male albinos of the Sprague- 
Dawley strain. 

Rabbits were male albinos. 

Dogs were mongrel males obtained from 
the city pound. 

Monkeys were wild male rhesus macques 
(macacus malata), all apparently in good 
health at the beginning of experiments. 
Twelve days was the minimum stay in the 
laboratory prior to being used in expert- 
ments. During experiments they were lodged 
in an air-conditioned room and were given 
daily multivitamin supplements, 


II. SOLUTIONS 


A. Methanol, Merck, 99.5-percent reagent 
methanol, acetone free, was used through- 
out. Concentrations were chosen after con- 
sideration of two factors: 

1. Probable stomach capacity, since a vol- 
ume exceeding this would cause regurgita- 
tion. 

2. Tendency of high concentrations to 
cause vomiting. Since toxic 
methanol are so high in nonprimates, choos- 
ing a successful procedure was sometimes 
difficult. Most rodents got 50-percent 


doses of 


methanol (weight); whereas, dogs got 16 
to 26-percent, and monkeys got five to 22- 
percent. 

B. Sucrose. Methanol solutions for dogs 
and monkeys contained up to 20 gm. of 


sucrose. The purpose in adding the surcose 
was prevention of methanol irritation to 
the gastric mucosa, which its conducive to 
vomiting. Since the monkeys showed no 
signs of nausea or vomiting, this could well 
be discontinued in future monkey expert 
ments. Llowever, most dogs were nauseated. 
Apparently the surcose, plus rapid return 
to feet and clevating the mouth at the end of 
gavage, plus flattery, kept early vomiting 
from occurring im all but two of the dog 
experiments. Keeney and Mellinkoff’® “pos- 
tulated that glucose may be a valuable adjunet 
to alkalinization” in the treatment of metha- 
found 
glucose alone did not lessen toxic effects 
of methanol in dogs. Since food intake 


nol poisoning, but Clark and Gibson 


before experiments was unregulated in our 
animals, we would not expect the amounts of 
sucrose given to have any significant addi 
tional systemic effect. 


lil. RourTe oF ADMINISTRATION 


Methanol solutions were given by gavage 
to unanesthetized animals, except for the 
first four rabbit experiments in which it was 
given intravenously. For rats, a curved steel 
needle with a bulbous tip was introduced 
into the esophagus; jaws were held open 
with string. Rubber catheters 
orally between wooden mouth gags were used 
in rabbits (size 12, French) and dogs (size 
26, French). Size-8 French catheters were 


introduced 


introduced nasally in monkeys, with jaws 
held firmly closed. 


IV. AcIpOSIS STUDIES 


A. Apparatus for carbon dioxide combin 
ing power determinations 

The Van Slyke manometric apparatus and 
technique. was used for the first five rabbit 
experiments. 

The Lazarow microgasometric apparatus" 
was used for all other CO,-combining ca- 
pacity determinations. This method’® in our 
hands had the advantage over the Van Slyke 
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of greater reproducibility, greater rapidity, 
and the requirement of less blood. 

In all listings of CO,-combining capaci- 
ties, all single results are averages of the 
two closest replicate determinations except 
when these had an average deviation of more 
than five percent. In that case the closest 
replicate determinations are also listed. 


B. Blood specimens 


1. Rats were killed by decapitation with 
sheep emasculating shears with the sharp 
edge toward the body. Mixed arterial and 
venous blood was then collected from drip- 
pings from the neck vessels. 

2. Rabbits. In the early experiments in 
which the Van Slyke was used, blood was 
withdrawn after cut downs from the jugular 
and by heart puncture. In later experiments 
bloods were obtained when possible from 
razor cuts of the ear artery; on a few oc- 
casions they were gotten by heart puncture. 

3. Dogs. Bloods came from the external 
jugular or the leg veins. 

4. Monkeys. Bloods were obtained from 
leg veins when possible ; otherwise from the 
femoral. 

Any possible variations in the CO,- 
combining capacities due to varying sources 
of blood would be expected to be insignifi- 
cant beside the 20 to 30 vol. percent drop 
which occurs in methanol acidosis. 

Bloods were collected with a drop of aque- 
ous solution of U.S.P. Heparin (sodium 
salt) as anticoagulant and centrifuged on the 
day they were drawn. The separated plasma 
was kept frozen until the CO,-combining 
capacity determinations were made. 


RESULTS 


Our experiments dealt with acute metha- 
nol poisoning by single oral doses in rodents, 
dogs, and the rhesus macaque. In a few rab- 
bits the intravenous route was used. Four 
types of observations, contrasting the dif- 
ferences between primates and nonprimates, 
are presented : (1) Levels of toxic doses, (2) 
clinical symptoms, (3) eye findings, and 


(4) acidosis studies. Complete data are re- 
ported in Tables 2 through 7. 


|. LETHAL DOSES 


Lethal doses for rodents and dogs were 
six to 10 times those for humans. Monkeys 
had lethal doses in the same range as hu- 
mans. All toxicity data now being considered 
are for single oral doses. Our primary inter- 
est in this study was to give lethal doses 
which would permit the animals to survive 
for 24 hours. In order to achieve this we 
necessarily accumulated our own toxicity 
data. Daia from the literature are listed im 


Table &. 


A. Rodents 


1. Rats. In a series of 23 rats, 9.5 gm. of 
50-percent methanol per kg. was the ap 
proximate LDy». 

2. Rabbits. While we did not run a tox- 
icity series on rabbits, we found that out of 
three rabbits, all died between 24 hours and 
three days when given 7.0 gm. of 30-percent 
methanol per kg. orally. One rabbit given 
7.0 gm. of a 50-percent solution died in less 
than 24 hours. 


B. Dogs 


We had nine dog experiments, using 16- 
percent to 26-percent by weight methanol, 
with these results : 


Dose RESULTS 
(gm./kg. ) 
2.5 Survived 
3.5 Survived 
40 Died 29-46 hr. 
45 Survived 
5.5 Survived 
6.4* Survived 
7.0 Survived 
8.0 Survived 
90+* Died 28-42 hr. 


C, Monkeys 


Acute oral toxicity studies on the rhesus 
macaque have not previously been reported. 


* Estimated because of early vomiting. See 


Table 6. 
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Our results using single oral doses of metha- 


nol were: 

Dose ResuLTs 

(gm./kg.) 
10 Survived 
20 Survived 
30 Died 32-38 hr. 
49 Died 29-36 hr. 
6.0 Died at 29 hr. 
8.0 Died 6-23 hr 


This series is of course too small to give 
more than approximate lethal doses, espe- 
cially since, as with humans, nonhuman ani- 
mals in a given species probably show con- 
siderable individual variation to methanol 
poisoning. 


II. GENERAL CLINICAL PICTURE 


Previous reports on the clinical picture of 
methanol poisoning have not emphasized the 
difference between primates and nonprimates 
~——a difference as great as two separate dis- 
eases. The first 24 hours after poisoning 
provided the sharpest contrast in that rodents 
and dogs getting much less methanol than 
the minimum lethal severe 
symptoms; whereas, a monkey receiving a 


dose showed 


lethal dose might have no symptoms during 


the first day except questionable mild in- 
toxication. 

The general clinical picture seen in vari- 
ous rodents and dogs was essentially the 
same. In addition to the animals reported 
in this paper, our report of clinical findings 
is also drawn from previous work™ using 
hundreds of mice given methanol intraperi- 
toneally. 

In nonprimates, as might be expected 
from the higher lethal doses, narcosis was a 
predominant symptom. Usually in about a 
half hour to an hour after oral administra- 
tion of methanol (less when given intra- 
venously or imtraperitoneally) intoxication 
occurred, as evidenced by varying degrees of 
ataxia and hypermotility, plus always a 
change in mental status toward marked hap- 
piness and amiability. Previously vicious in- 
dividuals could be extensively handled with- 
out gloves. 


From about an hour to several hours after 
administration of methanol (dependent upon 
the dose as well as the route of administra- 
tion), the animals became semicomatose or 
comatose. Semicoma was considered to be 
present when no spontancous motion Oc 
curred. Coma consisted of progression to 
absence of response to pain. Coma lasted 
from several hours up to four days. Eyelids 
were kept open and survivors of lengthy 
comatose states developed exposure keratitis. 
Most deaths occurred without recovery trom 
semicoma or coma. In general, the picture 
was one of early onset of severe symptoms 
continuing unabated (no latent period) until 
death. 

In contrast, rhesus macaques reacted clint- 
cally to methanol just like humans. Below a 
lethal dose, and occasionally with one, they 
did not get very intoxicated or show any 
other symptoms. Usually occurring with a 
lethal dose, monkey inebriation showed al- 
most type of individual variation 
which can be seen in intoxicated humans, 
although increased amiability was not ob- 
vious. 


eve ry 


Semicoma appeared on the first. day only 
in the monkey getting over two and one-half 
times the minimum lethal dose and dying 
probably around 12 hours after methanol. 
The morning following the administration of 
methanol usually found the monkeys ap 
parently normal. This was identical with the 
latent period in humans. 

Later on in the second day, monkey pull 
on chain, which had been slightly diminished 
during inebriation but had recovered the 
morning after, would again weaken. The 
resistance exerted by a monkey to a pull on 
his chain was a surprisingly good index of 
his physical well-being. Pull on chain pro- 
gressively weakened in fatal cases. Eventu- 
ally, the monkey became sick enough to he 
down during daylight in the presence of 
humans. Semicoma was seen only shortly 
prior to death. Deaths occurred from respi- 


ratory failure. 
According to the literature, humans react 
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to methanol in the same way as monkeys. 


kve EXAMINATIONS 


Pupillary changes and exposure keratitis 
were mentioned in our review of the litera- 
ture. With the onset of narcosis in non- 
primates, occurring an hour or so after 
poisoning, pupillary changes sometimes oc- 
curred: mydriasis or miosis, with or without 
sluggish and sometimes absent reactions to 
light. During coma eyelids were almost 
always open; and, when coma lasted about 
a day or longer, exposure keratitis, sec- 
ondary infection, and corneal opacification 
frequently occurred. Two monkeys showed 
dilated, unreacting pupils a few hours prior 
to death. They had slight ophthalmoscopic 
changes, but they were also semicomatose. 
Consequently, there can be no certainty as 
to whether pupillary changes in these mon- 
keys were due to toxic amblyopia or to a 
narcotic effect, 

Positional horizontal nystagmus was ob- 
served in nonprimates. This was unfortu- 
nately not studied in our monkeys ; however 
the literature contains reports of positional 
nystagmus, similar in character to that seen 
in our nonprimates, observed in humans 
poisoned by methanol and ethanol ( Menne,"* 
Meyer zum Gottesberge”™ ). 

Some authors briefly mentioned the ob- 
servation of nystagmus in nonprimates after 
poisoning with methanol and with higher 
The nystagmus de- 
veloped usually about a half hour after ad- 
ministration of methanol during the intoxi- 
cated stage. It was usually present only 
with the animal's head in the lateral position. 
When occasionally present in other positions, 
it was more severe in the lateral position. 
At first the quick component of the hori- 
zontal nystagmus was always down with the 
animal's head in the lateral position. Dura- 
tion was from several hours to two days. 
When it persisted for a day, after the first 
day in a few instances the quick component 
of the horizontal nystagmus was up when 
the animal's head was in the lateral position. 


No monkeys showed nystagmus in the erect 
position, but none were examined early in 
the lateral position. 

Repeated ophthalmoscopic examinations 
were made only on monkeys, dogs, and the 
rabbits receiving methanol by gavage. One 
moribund rat was examined; but the ob- 
server believed that, although fundi seemed 
normal, magnification was insufficient for 
certainty. 

M yelinization of retinal fibers in the rabbit 
makes difficult the appraisal of minor 
changes involving the discs. However, under 
our experimental conditions, no rabbits 
showed any fundus changes. 

None of our dogs showed any ophthal- 
moscopic changes. The disc margins of many 
dogs normally appeared fuzzy because of 
tiny irregularities in bordering pigmentation. 

Two out of six monkeys, both receiving 
lethal doses, showed eyeground changes. 
One developed a small monocular retinal 
hemorrhage one-half disc diameter temporal 
to the disc just prior to death and 29 hours 
after administration of 6.0 gm. methanol/kg. 
The other, given 3.0 gm./kg., showed at 25% 
hours, slight but definite blurring of the 
temporal disc margins and questionable reti 
nal venous engorgement, O.U. At 31% hours 
dise margins were blurred everywhere except 
nasally, there was possible hyperemia of the 
dises, and veins near the disc had a diameter 
estimated to be triple that of the accompany- 
ing arteries. Death occurred between 31% 
and 37% hours, with no examinations made 
after 31% hours. At the time eyeground 
changes were seen, both of these monkeys 
were too weak to resist handling ; thus, there 
was no question of vascular changes induced 
by neck stricture. 


IV. ACIDOSIS STUDIES 
A. Rats 


Nine white male rats of similar ages were 
given 9.0 gm. of 50-percent methanol/kg. 
approximately the rat oral LD». Bloods 
were obtained, each time in three animals, 
at 4%, 27, and 47 hours after administration 
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Fig. 1 (Gilger and Potts). Time course of plasma CO,-combining acapacity in rabbits 
after 7.0 g@m./ke. oral methanol. 


of methanol. Their CO,-combining capacities 
ranged from 47 to 80 vol. percent. 


LB. Rabbits 


Rabbits were found to be very poor sub- 
jects for acidosis studies. There was a tre- 
mendous variation in normal CO,-combining 
capacity, not only between different animals, 
but also in the same rabbit over the course 
of control periods lasting up to three weeks. 
Our rabbits had a normal variation from 19 
to 56 vol. percent.* Our five experiments 
using anesthetized rabbits and- drawing re- 
peated 5.0 to 10 cc. blood samples are re- 
ported only in the tables. In addition, 
these experiments lasted less than eight hours 
which probably did not give sufficient time 
for the development of acidosis, Suffice it 


* Frohlich” found a normal range in rabbits 
from 26 to 58 vol. percent; he also reported blood 
loss of 6.0 cc., three times inside of 24 hours caused 
decrease in rabbit COs-combining capacity. Pitt" 
reported that ether caused drops in the plasma CO,- 
combining capacity of rabbits. In view of our 
finding of considerable individual variability in CO,- 
combining capacity obtained from 1.0 cc. samples 
from unanesthetized rabbits inside of an eight-hour 
period, the conclusions of these authors may be 
open to question. 


to say here that none showed severe acidosis 
following methanol. 
In four rabbit experiments, 7.0 gm. 
methanol/kg. was given by gavage to un- 
anesthetized animals, and 1.0 to 2.0 cc. blood 
samples were drawn. One of these rabbits, 
receiving a higher concentration than the 
others, died in less than 20 hours which 
might not have allowed him sufficient time to 
develop acidosis. 

The CO,-combining capacity determina- 
tions obtained on the three remaining rabbits 
are shown in Figure 1. The lines begin in 
the control period at the mean normal CO, 
combining capacity for each animal. Metha- 
nol produced no values less than the normal 
rabbit range. The dotted line rabbit showed 
a greatest postmethanol drop from his last 
normal value immediately preceding admin- 
istration of methanol of 16 vol. percent; 
whereas, he showed a normal variability of 
20 vol. percent. 


C. Dogs 

Figure 2 shows our experience with dogs. 
It is the same type chart as the preceding 
one, except that our dogs showed a normal 
range of only 12 vol. percent among differ- 
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Fig. 2 (Gilger and Potts). Time course of plasma CO,-combining capacity in dogs 
after oral methanol. Methanol dose (gm./kg.) indicated adjacent to each curve. 


ent animals, and the variation of an indi- 
vidual dog over a period of weeks was in- 
significant. Control values, unlike those in 
the rabbit chart, are each from single blood 
samples drawn shortly before the adminis- 
tration of methanol. Our dogs receiving 
doses lower than 6.3 gm./kg. are charted 
with narrow unbroken lines.* All of these 
dogs showed toxic symptoms, but their lack 
of acidosis should not be given as much 
weight as in the others. The slight drop 
shown by the 4.0-gm. dog who died is insig- 
nificant when compared with monkeys or 
people. The dogs represented by heavier lines 
all received doses which, according to the 
literature, should have killed them. Only the 
dog (line of dashes) who received 8.0 gm./ 
kg. and survived, developed acidosis. His 
lowest CO,-combining capacity was 23 vol. 
percent. The thick solid-line dog, who re- 
ceived over 9.0 gm./kg. and died after 24 
hours, maintained a normal acid-base bal- 
ance. 

The possibility occurred to us that dogs 


* In the only sizeable series” of dogs given single 
oral doses of methanol, 63 gm. of 100-percent 
methanol/kg. was found to be the LDw. 


as a species might be resistant to the de- 
velopment of acidosis. Therefore, one of our 
surviving dogs was given dilute HCl orally. 
Inside of three hours his CO,-combining 
capacity had dropped over 20 vol. percent. 


D. Monkeys 


Monkeys again reacted like humans (fig. 
3). Our first monkey receiving 8.0 gm./kg. 
is not charted because we got only one blood 
sample due to our inexperience with the 
clinical course of methanol poisoning in pri- 
mates at that time. Survival occurred only 
with 1.0 and 2.0 gm./kg. With 1.0 gm.—the 
dot-dash line—the alkali reserve was un- 
changed. With 2.0 gm—the solid line—the 
CO,-combining capacity dropped by 24 hours 
to 16 vol. percent and by 48 hours had begun 
to rise. This 2.0-gm. monkey made quite a 
contrast with our 7.0 gm./kg. dog. 

The dog, after getting horribly drunk, was 
comatose for 24 hours. He was unable to 
stand for three days. His CO,-combining 
capacities varied during this time between 50 
and 54 vol. percent. 

The 2.0 gm./kg. monkey was not intoxi- 
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cated. The only clinical finding was question- 
able impairment in grasp. 

The monkeys getting lethal doses of 3.0, 
4.0, and 6.0 gm./kg. had CO,-combining 
capacities decreased by 24 hours to less than 
15 vol. percent; and death followed in all 
three cases without recovery from the severe 
acidosis. 


CONCLUSIONS 


I. LETHAL DOSES 
We found the approximate single oral 


lethal doses to be: 


ANIMAL TIMES MEAN HUMAN LETHAL DOSE 
7 


These doses in rats, rabbits, and dogs are 
comparable to the figures available in the lit- 
erature. 

Harnack” in 1912 was impressed by the 
fact that with single lethal doses methanol 
was the least toxic of the aliphatic alcohols 
in experimental animals, whereas in man so 
little methanol could cause blindness and/or 
death. From this he concluded that methanol 


reacted differently in different animals. We 
are in entire agreement with Harnack but 
would differentiate mainly between primates 
and nonprimates. Nonprimates required 
seven or more times the average human 
lethal dose. Death occurred in our monkeys 
at 3.0 gm./kg.; whereas humans have been 
reported as having survived 2.9 gm./kg.*" 
Our series of monkey experiments was too 
small to get accurate toxicity figures but 
obviously monkey single oral lethal doses 
are of the same order of magnitude as those 
for humans. 


Ll. GENERAL CLINICAL PICTURE 


The general clinical picture of methanol 
poisoning in primates and nonprimates was 
that of two different diseases. Nonprimates 
showed severe early intoxication and nar- 
cosis; narcosis lasted until death. Primates 
showed much less intoxication than non- 
primates and much less than primates 
affected by ethyl alcohol. They then had a 
symptomless latent period followed by sick- 
ness and death. Narcosis appeared only as a 
terminal manifestation. 
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Fig. 3 (Gilger and Potts). Time course of plasma CO,-combining capacity in monkeys after oral 
methanol. Methanol dose (gm_./kg.) indicated adjacent to each curve. 
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lll. Eve EXAMINATIONS 


Early pupillary changes and corneal opaci- 
fication following exposure keratitis in non- 
primates are considered to be due to the 
central narcotic effects of methanol and 
not to toxic amblyopia. 

The positional horizontal nystagmus pro- 
duced by methanol has only been of passing 
interest to most investigators, many un- 
doubtedly overlooking it. Our observations 
have been inadequate to illuminate the mech- 
anism whereby this is caused. 

Eyeground changes were not seen in non- 
primates following methariol poisoning but 
were seen in primates. 


IV. Aciposis sTUDIES 

Our rats showed no acidosis from metha- 
nol. Wide normal variability in rabbit CO,- 
combining capacities makes them unsuitable 
for acidosis studies. Under our experimental 
conditions, methanol did not cause acidosis 
in rabbits. Only one dog out of nine experi- 
ments developed acidosis. The rhesus ma- 
caque usually developed severe acidosis. 

Thus again we found a contrast in that in 
nonprimates acidosis occurred _ rarely 
whereas in primates severe acidosis de- 
veloped frequently. 


SUM MARY 


Both the literature and our experiments 
indicate that only in primates is there close 
similarity in response to methanol poisoning 
with respect to: (1) Levels of toxic doses, 
(2) generalized clinical symptoms, (3) clini- 
cal ocular pathology, and (4) frequent de- 
velopment of acidosis. 

University Hospitals (6). 


We wish to acknowledge the assistance of Mrs. 
C. Stuart in locating many of the papers discussed 
and of Mr. S. Rehmar for translation from the 
Russian of reference 40 and of Mr. K. Kurahashi 
for translation from the Japanese of reference 63. 


TABLE 2 
I. Rats: A. ACUTE ORAL TOXICITY EXPERIMENTS 


Experi- Rat 
methanol / Results 
kg. rat) 
23 478 3.0 Survived 
3.0 Survived 
§23 5.5 Survived 
87 5.5 Survived 
538 8.0 Survived 
70 Survived 
29 386 9.0 Survived 
347 9.0 Survived 
202 9.0 Survived 
27 362 9.5 Survived 
324 9.5 Died 22-23 hr. 
388 9.5 Died at 6 da. 
9.5 Died 22-25 hr. 
316 9.5 Survived 
370 9.5 Died 49-68 hr. 
26 $91 11.0 Died 23-25 hr. 
305 11.0 Died 34 da. 
411 11.0 Died 43-47 hr. 
391 11.0 Died 24 da. 
393 11.0 Died 25-43 hr. 
375 11.0 Died 47-49 hr. 
25 550 11.0 Died 29 hr. 
523 14.0 Died 3 hr. 


Methanol was given in a 50-percent (by weight) 
solution. 

At 3.0 gm./kg. no clinical symptoms. From 5.5-9.0 
gm./kg. increasing severity of ataxia, no coma. At 
9.5 om./kg. all showed severe ataxia and two were 
comatose while under observation. At 11.0 gm./kg. 
all had severe ataxia; 6 out of 7 were comatose. At 
14.0 gm./kg. the rat showed severe ataxia and coma. 
Nystagmus was present in many. 


TABLE 3 
I. Rats: B. Actposis stupy 


Rat Decapi- Plasma CO, 
Rat Weight tated at Combining 
No. (hr. after Capacity 
gm.) methanol) (vol. %) 
! 291 4 64.4 
2 265 46.8 
3 237 4 60.8 
4 291 27 80.4 
5 286 27 59.1 
6 182 27 64.8 
7 323 47 77.6 
8 204 47 54.7 
9 230 47 55.4 


Each rat was given a single oral dose of 50 percent 
methanol/kg. body weight. All were severely ataxic 
and had nystagmus; two were semicomatose. 


— 


VISUAL TOXICITY OF METHANOL 1 


TABLE 4 


Il. Rapeirs: A. PLASMA CO>COMBINING CAPACITY OF RABBITS UNDER 
ANESTHESIA WITH AND WITHOUT METHANOL 


(Methanol was given in 50-per cent solution intravenously. The Van Slyke manometric 
apparatus was used for CO, determinations.) 


— 


Time after 
Anest het ic Start of MeOH CO} capacity 
No. (ke) Given (gm. /kg.) (gm./kg.) (vol, %) 
min.) 
3 Nembutal 10 0 2.2 Died 65 min. after start of experiment 
20 0 1.2 
27.2 
sO 0 0 28.7 
4 3.3 None 0 4.2 Died 25 min. after start of experiment 
20 0 47.4 
25 0 42 45.1 
5 3.4 Nembutal 25 0 $2.2 Apnea for 5 min. after MeOH, recovery 
» 1.5 with artificial respiration. Died 40 min 
40 0.7 2.2 31.7 after start of experiment 
6 4.6 Drop ether 35 - 0 23.2 Died 150 min. after start of experiment 
0.7 
SO 0.7 
70 0 
6 
140 0 46 
150 5.4 
7 3.5 Drop ether 45 0 19.0 Killed 580 min. after start of experiment 
70 4.0 
140 0 
195 1.0 
210 1.0 
225 1.0 
1.0 
255 1.0 
270 1.0 
2485 1.6 4.7° 
345° 0 21 
0 11.6 


* Insufficient plasma for duplicate determinations, 


TABLE 


Il. Ranerrs: B. EXPERIMENTS GIVING METHANOL BY GAVAGE WITHOUT ANESTHESIA 
AND USING LAZAROW APPARATUS 


Time Time 
Experi , Joma Normal Drawn COs 
ment Weight MeOH Bloods after capacity —, (hr. after Remarks 
No. (gm./kg.) Drawn MeOhlt (Vol. %) MeOH) 
(days) (hr.) 
41 2.7 25.8 Normal Comatose from 2-22 
7.0 23 35.0 Normal sem) comatose thereafter until death 
) 28 25.2 Normal Nystagmus. At 3 hr. pupils unren: 
24.0 . tive; from 25 hr. on pupile reactive 
1 26.4 24.8 Normal 46 Died while sample 4 was being drawn 
46 0.5 Immediate heart puncture. 46 he 
point on ee 1 @ average of 
samples 4 and 5 
42 Normal! OS Comatose from 1-5 hr.; semi 
Nw 1.9 comatose thereafter until death 
44 2 40.4 Had previous surgery, 
15 $6.2 
21 4.5 
7.0 5 41.4 Normal 
(wry) 25 0.4 Normal 
27 25.7 Normal Bet ween 
$1 44.6 Normal SJ and 0 
45 2.4 1 (a.m.) 41.4 Normal Ataxia; semicomatose from § br. un 
1 (p.m) 24.6 til death. Nystagmus 
6 41.1 
14 
20 ss 2 Normal 
4 47.5 Between Pupile moderately dilated, 
(wr) 2” 0.8 Normal 29 and 48 


ment 
No. 
n 


24 


28 


32 


47 


(ke 


16.7 


15.4 


Dosa 
cOH 


2.5 


3.5 
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(gm./kg.) (by weight) 


17 


25 


24 


25 


(yiven (()) 200 ce. 
6% (by vol.) HCL 


24 


26 


26 


of After HC! 


TABLE 6 


> 


= 


~ 
sen Cee eu 


E yegrounds 


exce 
disc OD. pink 
disc O.S. gray 


No change, O.U. 
No change, O.U. 


Normal 
Normal 
Normal! 


No chanee 


No change 


Normal 


Normal 


Normal 


Normal 


Normal 


Normal 
Normal! 
Normal 
Normal 
Normal 


Normal 
Normal 


Normal 
Normal 
Normal 
Normal O.D. 
Cornea O.5. 
opaque 


UN. COp-COMBINING CAPACITY OF DOGS GIVEN SINGLE ORAL DOSES OF METHANOL 


Remarks 


“Glight stasia from 1-S br. Nystagmus. 
Somnolence 


. Recovery by 5} hr. 


“Severe Somnolence. Re. 


covery by 24 hr. 


Marked ataxia after 15 min. Somnolence. 
Nystagmus. By 24 hr. severe hangover 
(weakness, ataxia, somnolence, “dry 
heaves,” the shakes’). Because of coughi 
was examined by veterinarian who report 
normal! temperature and to per- 
cussion and auscultation. between 29 
and 46 hr. No autopsy. 


Used 30 days previously in 4. 
Marked ataxia §-25 hr. Marked euphoria. 
Somnolence. Recovery by 28 hr. 


Euphoria and ataxia at § hr. Comatose with 


opisthotonos 3-22 hr. Nystagmus. At 22 
hr. could not walk. At 28 hr. could walk but 
not navigate stairs. Recovery by 47 hr. 


Dog ured 34 days previously in Exper. 31. 
About 100 cc. vomited in first half hr. About 
30 cc. bright red vomitus at 2) br. Diarrheal 
stools from 4-6 hr. Recovery by 24 hr. 


Dog used 7 days previously in Exper. 32. 

Given 6.5 gm. M kg. Immediate regur- 

gitation of an estimated 30 cc. Dosage 

thus 6.4 gm./kg. Ataxia and euphoria 

ginning at 45 min. Unable to stand. Ny- 

whe mus. Hangover at 24 hr. Recovery by 
etaxie and euphoria 
hr.— semicomatose 

3-25 hr. —comatose 

25-27 hr.—-semicomatose—pupils 1-2 mm. 

diameter. 27-46 hr. comatose 

3-5 hr.—convulsive running movements of 

legs. Positional nystagmus early. 

96 hr. -~able to stand. Recovery by 7 da. 


10 min.—-ataxzia and hyperactivity 

50 min.—unable to stand. Nystagmus. 1} 
hr.—4th day~comatose, lids open, ex- 
posure keratitis, 14-24 hr.—-conjugate de- 
viation of eyes to left; running leg move- 
ments. 4-5 hr.--pupillary reactions slight 
or absent; 24 hr.—-quick component of ny- 
stagmus reversed in direction; peripheral 
shock. 47 hr.--nystagmus continued. 7th 
day—tried to sit; too weak to walk 
1Sth day~-could walk; left foreleg 5 X size 
of right. Both corneas opaque obecuring 
fundi. 

1 a had vomited a vol. estimated to 
be 100 cc. greater than gavage. Moderate 
ataxia. Ke-gavaged with identical solution 
(9.0 gm./kg.) at 70 min. No vomiting after 
2nd gavage ~9.0 +gm./kg. 10-15 min. after 
2nd) gavage~comatose; nystagmus, 19 
hr. -etill comatose -exposure keratitie——2 
mm. pile. Death occurred between 24 
and 42 hr. without recovery from coma. 


R2 
Eaperl- COs 
19.9 | | 0 43.2 Normal 
24 41.7 Normal 
45% 40.0 
4 40.4 
42.1 
B72 4 0 16 
4 
i‘ 
it 
$2 
= 15.5 5.5 | 0 
4 
25 
4) 
| 13.5 
0 
| 6.4 || 0 
19 43.5 
25 46.4 
45 415 
46 11.2 7.0 
da 
12 
28 
i 
4) 
da 
49 11.4 9 04 | Norma! 
48 Normal 
42.2 
44.6 Normal 
posterior pole 
24 44.6 Normal 
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TABLE 7 


IV. COs-COMBINING CAPACITY OF MONKEYS GIVEN SINGLE ORAL DOSES OF METHANOL 


Rabbit 
Rabbit 


Dog 
Dog 


TABLE 8 


ov 


Retinal 


hemor - 


Time CO 
after 
MeO MeOH capacity Eyegrounds 
(gm./kg.) (be. (vol. %) 
I 0 46.7 Norma! throughout 
23 54 
44 53.3 
2 0 $2.7 Normal throughout 
fave.) 
24 15.9 
44 28.7 
21 da. 4.3 
5 0 32.6 Normal! 
23.3 Normal 
26 10 6 Blurring temporal disc mar 
gine, O=.U. Questionable ve 
nous engorgement, 
44 12.4 O.U.:—diee margins blurred 
except nasally 
veins had diameter 3 * that 
of arteries; possible hyper- 
emia of 
4 0 41.5 Normal throughout 
5 25.0 
23 13.9 
29 12.7 
6 0 33.7 Normal 
6 35.6 Normal 
i4 14.4 Normal 
24 11.3 (3 Normal 
10.8 Pinpoint retinal 
ad 9.8 ( 8.7 rhage temporal to disc in 
294 14.4 one eye 
4 5 2 Normal throughout 


Remarks 


No general clinical symptoms 


Monkey used 15 days previously in Exper. 19 
No detected clinical symptome with the fol 
lowing possible exception: At 24 hr. he got 
partly loose and failed to bite the observer. 
Subsequently became a pet, showing no evi- 
dence of impairment of vision. Died 6 mo, 
later from acute miliary tuberculosis 


No definite signs of intoxication. At 254 hr. 
sick, weak. had to lie down after struggling. 
Pupils dilated but reacted to light. At 349 he 
sicker; lying down; made only rare spontane 
ous movements; pupuls dilated and unreac- 
tive; hippus present; did not blink at threaten. 
ing gestures but was semicomatose. Died 34- 
59} hr. Rigor mortis present at br. 


Ataxia marked by 75 min. At first quiet bat by 
+ hr. was combative. Apparently mentally 
alert, although pull on chain weaker, At 224 
hr. rested head against side of cage. At 29 he 
lying down; conscious ath occurred be 
tween 29 and 36 br 

Atavia marked by 80 min.; pull on chain weak 
Ar hr. stood and was apparently normal 

4: 24 br. lying down and very wea 

At 2) he became semicomatose, remaining 
until! death 

At 29 hr. pupils were dilated and unreactive 
Death at 29} hr. following respiratory failure 


Ataxia marked by 70 min.; increasingly weak 
At 2 br. lying down; very sick 

At 34 br semicomatose, remaining so 
Death occurred between 6 and 23 hr.; 
hr. rigor mortise was pronounced 


at 25 


ORAL SINGLE LETHAL DOSES OF METHANOL IN NONPRIMATES 


Dose % 
gm./kg. Methanol Result 
8.3 70 L. Dee 
? MLD 
14.2 ? L.Dyos in less 
than 24 hr. 
6.3 100 L. Deo 
6.34 50 Approx. MLD 


Number of 


Animals Source 
48 Alder, et al.™ 
Baer* 
Munch and Schwartze™ 
15 Haskell, et al.” 
4 A. Leo* 


Human lethal doses are often difficult to compute accurately. In the literature®’ there are reports that 


death has resulted from as little as 0.34 gm./kg. and survival has occurred after as much as 2.9 gm./kg. 
The dose generally accepted as lethal is about 0.85 to 1.4 gm./kg. 
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THE VISUAL TOXICITY OF METHANOL* 


VI. THE CLINICAL ASPECTS OF EXPERIMENTAL 


METHANOL POISONING 


TREATED WITH BASE 


M. Ports, M.D. 
Cleveland, Ohio 


There have been a number of descriptions 
-of the clinical picture of methanol poisoning 
in humans.’* Due to the fact that human 
methanol poisoning represents a medical 
emergency, descriptions of any one case are 
necessarily fragmentary. However, the char- 
acteristics as indicated by a composite of the 
published reports are as follows: 

After the ingestion of a fatal dose of 
methanol the patient becomes inebriated, 
though by no means as thoroughly as with 
a corresponding amount of ethanol. Fol- 
lowing inebriation in all but extreme doses, 
there comes a latent period of six to 24 
hours during which the patient may have a 
hangover but is not otherwise ill. This pe- 


* From the Laboratory for Research in Ophthal- 
mology, Department of Surgery, Western Reserve 
University and the Ophthalmology Service, Uni- 
versity Hospitals of Cleveland. Supported by 
grants from the Office of Naval Research and the 
U.S. Public Health Service. 


riod is ended by the onset of dyspnea, as- 
thenia, failing vision, convulsions (in some 
cases), coma, and death. The characteristic 
laboratory finding in untreated cases during 
this period is an increasingly severe meta- 
bolic acidosis.° An unidentified organic acid 
has been found in the urine of one case of 
methanol poisoning and has been shown 
not to be formic, lactic, or acetoacetic acid.* 

A number of writers have emphasized 
the significance of the acidosis in methanol 
poisoning” and have implied that both 
blindness and death result from it. They 
claim that adequate treatment of the acidosis 
with base saves both life and vision. Al- 
though available statistics solidly support the 
life-saving role of alkali therapy, there is 
much question about the effect of acidosis on 
vision and the ability of base to mitigate the 
eye effects of methanol.* 

In a previous paper of this series* we have 
demonstrated how lower experimental ani- 
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mals do not show typical methanol potson- 
ing as seen in man, but that the rhesus 
monkey, a primate, does reproduce the hw 
man symptoms exactly. It is the purpose of 
the present report to describe the clinical 
picture in monkeys treated with base, and to 
evaluate the virtue of bicarbonate therapy 
in regard to its effect on survival and on eye 


signs. 


EXPERIMENTAL 
MetHuops 


Young adult male macaccus rhesus mon- 
keys were given pure synthetic methanol in 
50-percent aqueous solution as described 
previously.® Doses were fixed at 6.0 gm./kg. 
(twice the certain lethal dose) unless other 
wise specified. At zero time and at suitable 
intervals blood was drawn from a leg vein 
and plasma CQ, combining capacity was 
determined «by the 
metric method.’ In addition, when volume 
allowed, determinations of methanol were 


lazarow micromano 


done by the chromotropic acid method on a 
dilution of a trichloracetic blood filtrate. All 
urine was collected in 24-hour specimens be 
ginning 24 hours before administration of 
methanol. Urines were titrated for organic 
acid by the method of Palmer and Van 
Slyke using a glass electrode pH determina- 
tion as the end-point rather than change in 
color of an indicator. Methanol content and 
formate determinations were done on urines 
from a number of animals. 

At frequent intervals throughout the first 
three days, and at longer intervals subse- 
quently, the animals were examined ophthal- 
moscopically and observed for general clini- 
cal signs. 

When ‘CQO, combining capacity fell below 
25 volume percent, sodium bicarbonate in 
four-percent solution was given by stomach 
tube. During a few later experiments it was 
attempted to anticipate acidosis, and at 20 
hours a dose of 4.0 to 5.0 gm. of bicarbonate 
was given. This was supplemented only 
when CO, capacity began to fall. 


RESULTS 


Results are presented in the clinical pro 
(table 1). Salient the 
first four animals are shown in Figure l. 


tocols features of 
(jreater detail in the case of one animal ts 
shown in Figure 2. 


[DISCUSSION 


In every untreated animal investigated so 
far, a dose of 3.0 gm./kg. of methanol or 
more has been enough to cause death. When, 
however, the acidosis is combatted with base, 
the end result has been highly variable both 
in regard to survival and eye symptoms. The 
following is an outline summary of what one 
may expect clinically in a poisoned monkey : 

Beginning about one hour after adminis 
tration of 6.0 gm./kg. the monkey becomes 
intoxicated. His usual 
diminished and he bends all effort to pre 


aggressiveness IS 


serve his dignity and equilibrium. By four 
hours, intoxication is maximum, and a pull 


on the chain is enough to cause the animal 


L LUCIFER 2. FIGARO 
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Fig. (Potts) Blood hase (cf capacity) and 
hbase given methanol-poisoned monkeys (6.0 gm/ 


keg. MEOH). 
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TABLE 1 


CLINICAL ASPECTS OF EXPERIMENTAL METHANOL POISONING TREATED WITH BASE 


Hr. 


33 to 37 
39 to 41 
44 


50 
70 
78 


Monkey 2, weiout 4.2 kg. 


0 

18 
21 to 22 
26 


34 
38 to 41 
48 


35 


— 


CO, 
Capacity 
(vol. %) 


Monkey 1, weiont 4.4 kg. 


— 


MS Ow 


$3.2 
28.2 
19.4 
21.3 


40.1 
20.7 
30.4 


Monkey 3, weiour 4.0 kg. 


~ 


27.7 to 32.8 


~ 


Monkey 4, weicnt 3.8 kg. 


Base 
Given 
(gm.) 


hm ho 


Condition of Animal 


Very drunk; stands and pulls on chain but very weak 


Seems normal 


Weak again 
(oma tose 
Semicomatose 


Sits up weakly 
Semicomatose 
Dead 


Normal 

Hangover 

Normal but weaker 
Respirations 40 

Active and only slightly weak 


No change 
Normal 


- 


Normal 

Noticeably weak 

More energetic 

Still energetic 

Alert but weak, pupils dilated, contract stepwise 
? Vision. 

Peripapillary edema 

Progressively weaker, wheezing 

Extensive retinal edema blurring of disc margins 


Pupils wide 

Animal stronger, marked papilledema, pupils wide 

More strength, pupillary ao oan returning, periphery 
of fundus no longer edematous—only peripapillary 
region still shows edema 

Edema gone O.S. except for temporal disc margin; 
still peripapillary OD 

Tremor persistent; pupil reacts to light but will not 
hold 

No change 

Cannot move 

Found dead 


Well 

Living and well 

No change 

Half strength but otherwise normal; fundi normal 
Circumpapillary edema 


Dise margin now blurred, disc normal, pupil O.D, 
wide and reacts poorly to light 
Living and well 


Z2 0.5 
25 
28 
28 2 0 
21 
24 Z 
29 a 
42 
1.0 
47 
$3 27.9 0.5 
5k 42.6 
76 49 6 
4 days $1.0 
5 days i, 9 
davs 
R dave 
9 days 
| 
0) 43.7 
20 22.1 
25 34.1 li 
44 42.6 
45 to 48 27.8 A’ 
51 to 53 29.5 0 
57 52.3 
3 days 66.7 


Hr. 


VISUAL TOXICITY OF METHANOL BY 


Monkey 5, weiour, 3.95 kg. 


0 
20 


TABLE 1 
C0), Base 
Capacity Given 
(vol. %) (gm.) 
$2.7 


Monkey 6*, weicurt 3.0 kg. 


22.2 4.0 
$3.4 
42.8 
23.7 1.0 
33.8 


(continued ) 


Condition of Animal 


Well 


Found dead 


Normal 
Normally lively 
No eye symptoms 


Congestion of vessels on disc 
Living and well 


* Nine additional doses of 6.0 gm./kg. at weekly intervals with base resulted in 
no dise pallor or loss of vision 


Monkey 7, weiout 5.75 kg. 


0 
20 
$2 
56 


29.2 
26.4 6.4 
28.0 1.0 
27.0 


Monkey 8, weicur 4.8 kg. 


Aad 
m~ 


24.0 
27.3 4.0 (ca) 
22.8 

1.0 
28.0 


Normal 

(rouched in corner 

Perimacular edema; no extension to dise 
Edema practically gone; animal well 


Normal 3 
Poor pupillary reaction; hyperemia of dises 
Pupils do not respond to light 


Retinal edema 
Dead 


~ 
> 


CONTROL] DAY | | DAVY2 | DAYS | DAY 4 | DAY 5 


METHANOL METABOLISM IN MONKEY (THIRD BASE) 


[DURATION i. 


ORGANIC ACID 
| URINE MEOW 
ACID 


’ 


Fig. 2 (Potts). Methanol metabolism in Monkey 3 (third base) 
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to fall flat on his face. This phase gradually 
recedes, and by 15 hours the animal, though 
not lively, sits and eats normally and actively 
resists efforts to remove him from the cage. 
During this whole period, eye signs are 
normal and blood base has not changed sig- 
nificantly. 

Between 20 and 24 hours, the blood base 
drops precipitously and the untreated animal 
becomes comatose and soon dies. If, at the 
first drop in CQ, capacity, an adequate 
amount of bicarbonate is given and the blood 
CO, capacity is kept normal by supplements 
if necessary, then two alternate courses may 
be followed both clinically and in regard to 
eye signs. These events appear to be for- 
tuitious, and eye findings seem to be inde- 
pendent of the rest of the clinical course. 

Clinically the animal may respond well to 
the first base administered, continue to re- 
gain strength, and with or without ‘additional 
supplements of bicarbonate become entirely 
well during the second 24 hours ( Animals 2 
and 4). 

Alternatively, whether small or large 
amounts of base are required, the animal 
may show progressive weakness, and despite 
normal CO, capacity this lethargy may pro- 
gress to coma and death (Animals 3 and 8). 

Eye signs, too, are apparently independent 
of base required and certainly of degree of 
acidosis, Most extreme eye findings ap- 
peared in Animal 3. At about the 20th hour, 
peripheral retinal edema was observed in the 
papillomacular area. During the next 12 
hours, this edema spread both toward the 
ora and toward the disc, and at 48 hours the 
entire fundus was edematous. 

The fovea was clearly seen as the rhesus 
equivalent of the “cherry red spot.” The 
color was closer to a chocolate brown which 
stood out clearly in the glistening white 
retina. At this time, too, the disc margin 
was perceptibly blurred. 

By 58 hours the whole disc was elevated 
and edematous—the classical picture of 
severe papilledema. The edema receded in 
just the reverse order, and by 72 hours the 


disc appeared normal. The edema of the 
fundus persisted in diminishing degree for 
another 48 hours but, when the animal died 
on the ninth day, the fundi were essentially 
normal, 

In other animals various lesser degrees of 
the above findings were seen from transient 
retinal edema after 30 hours to more moder- 
ate papilledema. Transient edema was seen 
in Monkeys | and 2, but was not recorded 
because the phenomenon did not persist. 
There is no correlation between amount of 
acidosis and eye symptoms. 

Early in the period of retinal edema in 
the more susceptible animals, the pupil 
shows a stepwise contraction. Instead of 
contracting smoothly and rapidly the pupil 
contracts perhaps one fourth of the total 
extent, then partly dilates, then reaches one- 
half size, then partly dilates again. Thus, in 
four or more steps, the pupil reaches full 
contraction. When the light stimulus is 
removed, the same process occurs in reverse. 
It is hard to postulate a neurologic mecha- 
nism for such happening, but the phenome- 
non has been observed enough times to estab- 
lish it as real. A similar phenomenon has been 
observed in hysterics by Lowenstein and 
Friedman.* Of course at a later stage, in 
severely affected animals, the pupil is wide 
and immobile. 

A second phenomenon is the histopatho- 
logic finding of patchy demyelinization in 
the optic nerve of an animal nine days 
after the usual dose of methanol combatted 
with base. This is based on examination of 
one eye, and must await further studies for 
confirmation. 

Figure 2 shows the typical picture of 
blood methanol content, urine methanol ex- 
cretion and urinary acid production in Mon- 
key 3. This is the animal with the most 
dramatic eye involvement and is used for 
purposes of illustration, but aside from 
severity of eye symptoms the results are 
essentially the same in all animals. 

Figure 2 shows that by the time of onset 
of eye symptoms, and particularly of papil- 
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ledema, the blood methanol is negligible and 
most of the urinary excretion of both metha- 
nol and organic acid is over. Only a small 
portion of the organic acid is seen to be 
formic acid. Thus, even the neutralized acid 
is gone before eye symptoms become sig- 
nificant, and one finds it difficult to attribute 
such an effect to either methanol itself or the 
presence of neutralized acid. 

Acidosis cannot play a part, because in 
animals where base is given at 20 hours and 
acidosis is anticipated, there is absolutely 
no fall in CO,-combining . capacity, but 
fundus edema is nevertheless 
Further, if the degree of acidosis observed 
were at all significant in itself, every dia- 
betic who goes into coma should show 
fundus edema and visual symptoms, This 
has not been observed to our knowledge. 

What alternative hypothesis is available, 
then, to explain the effects of methyl alcohol 
on primates’? A likely general explanation 
in the light of our present knowledge is the 
following : 

Primates possess (a) a unique enzyme sys- 
tem capable of oxidizing methanol to some 
toxic intermediate or (b) possess enzyme 
systems particularly susceptible to the toxic 
intermediate produced by all species. 

The metabolic defect produced by one of 
these mechanisms has multiple manifesta- 
tions. One of these is a metabolic acidosis 
due to the as yet unknown organic acid. A 
second is the retinal edema (secondary to 
retinal damage) which is almost certainly 
not due to the acid but is parallel with its 
production. A third is the central nervous- 
system depression which in the more af- 


observed. 


fected animals leads to death. The wide vari- 
ation in susceptibility among both monkeys 
and men can be explained on variation in 
either process (a) or (b). 

The nature of the characteristic latent 
period now has become obvious. It is the 
interval between the end of inebriation and 
the onset of the secondary metabolic effects. 
Where acidosis is untreated, the onset is 
most dramatic, and with doses of the size 
used here death occurs rapidly. On treat 
ment with base latency is longer—-until the 
onset of retinal edema at about 36 hours. 
The majority of these experiments do not 
have a fatal termination. In those that do 
terminate fatally, death is rarely sooner 
than three days. 


(CONCLUSIONS 


1. In monkeys given twice the certain 
lethal dose of methanol, life can be saved 
in most cases by adequate doses of sodium 
bicarbonate. 

2. Despite treatment with base adequate 
to prevent acidosis some animals die, ap- 
parently in central nervous-system depres- 
sion. 

3. Despite the treatment with base most 
animals show retinal edema. In some this is 
confined to the perimacular region; in others 
it extends to the entire fundus; and in still 
others papilledema follows the fundus 
edema. Regression of symptoms is in re- 
verse order: the disc clears first, then the 
peripheral fundus, the central area last of 


all. 


Western Reserve University (6). 


REFERENCES 
1. Wood, C. A., and Buller, F.: Poisoning by wood alcohol. J.A.M.A., 43:972, 1058, 1117, 1213, 1289, 


1904. 


2. Rée, O.: Methanol poisoning: Its clinical course, pathogenesis, and treatment. Acta Med. Scand., 126: 


(Suppl. #182) 1946. 


3. Benton, C. D., and Calhoun, F. P.: The ocular effects of methyl alcohol poisoning: Report of a 
catastrophe involving 320 persons. Tr. Amer. Acad. Ophth., 56 :875-885, 1952. : 
4. Van Slyke, D. D., and Palmer, W. W.: Studies of acidosis: X VI. Titration of organic acids in urine. 


J. Biol. Chem., 41 :567-585, 1920. 


5. Harrop, G. A., Jr., and Benedict, E. M.: Acute methy! alcohol poisoning associated with acidosis; 


report of a case. |.A.M.A., 74 :25-27, 1920. 


92 ALBERT M. POTTS 


6. Gilger, A. P., and Potts, A. M.: The visual toxicity of methanol: V. The role of acidosis in experi- 
mental methanol] poisoning. Am. J. Ophth., 39 :63-86 (Feb., Pt. 11) 1955. 
7. Lazarow, A.: Microgasometric analysis: I. A simple, direct reading microgasometric apparatus. Lab. 


Investigation, 2 :22-48, 1953. 


8. Lowenstein, O., and Friedman, E. D.: Pupillographic studies: I. Present state of pupillography ; its 
method and diagnostic significance. Arch. Ophth., 27 :969-993, 1942. 


DISCUSSION 


De. Zacnanias Discne: I would like to ask a 
few questions concerning the parallelism between 
the effect of the formic acid and formaldehyde on 
retinal glycolysis and the effect on the retina. It 
was not quite clear to me which way the formalde- 
hyde and the formic acid were applied. Was it 
intravenously or subcutaneously or some other 
way? 

This has an important bearing, because obviously 
the concentration of these agents in the blood is of 
very great importance, particularly because the 
effects are reversible. In the methanol effect, which 
is irreversible, concentration has to reach a certain 
level for only a very short time, possibly. In the 
case of such reversible effects, the concentration 
which is in the blood must be sufficiently high during 
the duration of the effect. 

It is well known that formaldehyde has a very 
high affinity to proteins, particularly blood proteins. 
It appears with terrific speed in the red cells by 
some combination with the proteins, so I think 
this is an important factor in any interpretation of 
these results. 

The next question is whether there would be a 
dilution of your homogenates. I assume you used 
retinal homogenates of the cation. In this case | 
think the dilution which you had to go to in prepar- 
ing the homogenates would be of great importance 
for the interpretation of these results. 

I also wonder whether you did some experiments 
on the effect of respiration, because in general the 
respiration is much more sensitive to such toxic 
agents of a rather general nature, such as formalde- 
hyde or formic acid, than is glycolysis. It would be 
interesting if you would care to point it out. 

De. Davip Fremine: In connection with the 
methanol-formaldehyde-formic acid intoxication, 
did you consider using something like antabuse, 
which would dam up the oxidative mechanism of 
the methanol ? 

As far as | know, antabuse prevents the formal- 
dehyde from being converted into formic acid, 
and there is an excess accumulation of formalde- 
hyde. This would indicate whether your primary 
toxicity was from the formaldehyde in vitro or 
whether it was from the formic acid. 


Dae. A. M. Ports (closing): The formaldehyde 
was given intravenously. We consider this ade- 
quate proof that, despite the great affinity of 
formaldehyde for tissues, it does reach the eye in 
sufficient concentrations to cause these effects 
Whereas, we do not postulate that the concentra- 
tion in molarity is as great in the eye as in the 
initial solution we do say that it is no greater than 
the amount given. It is probably much, much less, 
and still it has a dramatic effect. 

This is also significant when one considers the 
possible site for potential formaldehyde formation 
from methanol in the animal. It means that one 
does not have to make formaldehyde in the eye in 
order for it to react with the eye, but that methanol 
could conceivably be oxidized in the liver and that 
sufficient formaldehyde could still reach the eye 
to cause significant eye effects. 

The other materials were given by stomach tube 
largely because of the large volumes required. The 
methanol dose was tremendous, and was lethal im 
all cases. It is important to emphasize that these 
dosages of methanol and formate were huge in 
comparison to the ‘minute formaldehyde dosage 
that achieved the same effect. 

As far as inhibition of oxidation is concerned, 
we have published material on the subject previ- 
ously. The work Dr. Praglin was describing was 
presented by us in Atlantic City in 1952. The effect 
on oxidation is considerably less than the effect on 
glycolysis with equal quantities of formaldehyde. 
The tissue concentration in all of those experiments 
was approximately 100 mg. of homogenate per 
Warburg vessel, which was 7.0 cc. total volume. 

In regard to the question about antabuse, work 
on this by Dr. Gilger also was published, and was 
presented at an early meeting of this association. 
We found at the time that antabuse increased con- 
siderably the toxicity of methanol for small ani- 
mals. We considered and we consider now that this 
upping of the toxicity by antabuse is due to an 
added formaldehyde factor supermiposed on the 
ordinary narcotic effect of the alcohol. Antabuse in 
monkeys is something that we have not done, but 
it is on our schedule because it is highly important 


THE LIEBMANN EFFECT IN BINOCULAR PERCEPTION* 
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When a colored figure and its neutral 
background are equally luminous and fixa- 
tion is maintained at the center, the figure 
appears to lose its clarity and fade into the 
background.’ It was thought that this phe- 
nomenon, known as the Liebmann effect, 
might with profit be subjected to quantita- 
tive and binocular studies. 


MetTHop 


The main problem has been the construc- 
tion of an adequate apparatus for the bin- 
ocular study of the Liebmann effect. 


CORIGINAL APPARATUS: 


The original apparatus consisted of three 
main parts: (1) screen, (2) observation 
post; (3) three-dimensional projector (fig. 
1). 

A large “frozen” acetate screen is viewed 
through two holes in which are placed 
Polaroid sheets. These Polaroid sheets have 
their axes of transmission at right angles to 
each other, arranged so the right and left 
eyes observe only their respective slides; 
thus the stimulus to each eye can be separ- 
ately controlled. 

The slides used in the three-dimensional 
projector utilize the isotropic property of 
cellophane. Cellophane has the property to 
rotate the plane of polarization of light 
through 9O degrees. In constructing the 
slides cellophane is sandwiched between two 
pieces of Polaroid. If the two external 
pieces of Polaroid are set with their planes 


* From the Department of Ophthalmology, Indi- 
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Health Service. We wish to acknowledge the 
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of polarization 90 degrees from each other, 
light will be transmitted, since the cello- 
phane will rotate the plane of polarization 
from the position of the first to that of the 
second Polaroid filter. If the two external 
pieces of Polaroid are set at 45 degrees to 
each other, 50 percent of the incident light 
is transmitted through them. Colored cello- 
phane was used between the two pieces of 
Polaroid to produce the figure. This colored 
cellophane was rotated by visual match until 
it also transmitted nearly 50 percent of the 
incident light. Thus, both figure and ground 
were made as equally luminous as possible. 

With this original appartus two variables 
were studied. In one set of slides the size 
of the figure was varied. Three equilateral 
red diamonds had visual angles of 16, 32, 
and 52 degrees, respectively. The second set 
of three slides varied the ground size while 
the figure was kept constant. The slide with 
the largest ground was the 100-percent slide. 
The other two slides had a ground size, 50 
percent and 25 percent of the size of the 
largest one. The respective projected images 
were approximately 56 by 57 degrees, 41 by 
44 degrees, and 25 by 31 degrees. The figure 
was a red cellophane circle which subtended 
an angle of 16 degrees. 

The level of darkness in the experimental 
room was far below the photopic threshold 
and the subject was shielded from light es- 
caping from the apparatus. 


SUBJECTS 


There were six subjects of both sexes 
between the ages of 25 and 35 years. None 
wore glasses for reading and all but one 
reported never having had trouble with 


strabismus. This individual had had no 


trouble since childhood and her results on 
the following experiments did not differ 


93 


W MARESSA HECHT ORZACK AND T. F. SCHLAEGEL, JR. 


Eye 


Fig. 1 (Orzack and Schlaegel). Schematic diagram, showing the path of polarized 
light from the light source to the eye. 


significantly from those of the other sub- 
jects. 


PROCEDURE 


Since the Liebmann effect was to be stud- 
ied under binocular conditions, as in a 
stereoscope, it was necessary to check the 
fusion of the subjects. This was done with 
the Orthofusor.* If the subject could pro- 
perly perceive the first three cards without 
difficulty and the last two with some difh- 
culty, he was considered suitable. By the 
use of red goggles the subject was dark 
adapted for 20 minutes during which inter- 
val he was instructed that he would be re- 
quired to fixate on the center of the figure, 
that the figure would change, and that he 
should report all such changes. 

A test slide was shown for three minutes. 
During this time the subject's oral responses 
were recorded by the experimenter to 


* Manufactured by Bausch & Lomb Optical 
Company. 


test further his eligibility as a subject. After 
this trial presentation, the subject was told 
to put the goggles on again and relax his 
eyes. A five-minute interval was allowed be- 
tween slides. During this period the subject 
was told that he would be shown more slides 
which would change as did the previous one. 
He was to press one telegraph key for par- 
tial changes and another key for total 
changes. These keys activated an Esterline- 
Angus recorder. Fixation in the center of 
the figure was again emphasized. 

The subject was then shown the second 
practice slide, after which he was allowed tc 
rest for five minutes. Next, the three stimu- 
lus slides were presented for five minutes 
each with five-minute intervals between 
them. After each presentation the subject 
was asked to report on what he had seen 
while viewing the slide. 


RESULTS 


The responses were divided into three 


| 
SN 
Polaroid A 
| | Cellophane 
Slide 
Polaroid B 
Projection lens 
| Polaroid C 


classes : 

1. Complete disappearance of the figure. 

2. Partial disappearance of the figure. 

3. Reappearance of the figure. 

We recorded when the disappearances 
and appearances occurred, how frequently 
they occurred over a period of five minutes, 
and how long the figure was present or ab- 
sent. 

Figure 2 demonstrates that the diamond 
figure disappears partially more frequently 
than it disappears completely. It also demon- 
strates that the larger the diamond the more 
frequently it completely disappears. Al- 
though there is a similar tendency for the 
diamond to disappear partially the larger it 
is, this was not statistically significant. 

In Figure 3 we can see that the larger the 
diamond the longer it remains invisible. 
Partial disappearances last for longer times 
than total disappearances. Partial disap- 
pearances last for longer periods as the size 
of the diamond increases but this is not 
statistically significant. 

In Figure 4 we can see that the diamond 
always disappears partially before it disap- 
pears completely. The larger the diamond 
the more quickly it disappears. Partial disap- 
pearances also occur more quickly but this 
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Fig. 2 (Orzack and Schlaegel). Frequency of 
partial and total disappearances during a five- 
minute period as a function of diamond size. The 
plotted points are the mean for six subjects. 
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Fig. 3 (Orzack arid Schlaegel). Duration of total 
and partial disappearances during a five-minute 
period as a function of diamond size. The plotted 
points are the mean for six subjects. 


is not statistically significant. 

Summarizing the results of this first ex 
periment, we can say that the Liebmann 
effect is enhanced by an increase in size of 
the figure. The larger the figure the more 
quickly and the more frequently it will dis- 
appear and it remains invisible for a longer 
period, 

In our second experiment we used a red 
disc of constant size but varied the size of 
the ground. As the size of the ground ts 
increased the figure disappears less fre- 
quently (fig. 5). As the size of the ground 
is increased the figure remains invisible or 
disappears totally for a shorter time, but 
partial disappearances tend to last for a 
longer time (fig. 6). 


COMMENT 


The enhancement of the Liebmann effect 
with increasing size of the figure may be 
explained by decreased visual acuity and 
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Fig. 4 (Orzack and Schlaegel). Time of first 
partial and total disappearance as a function of 
diamond size. Each -point represents the mean for 
six subjects. 
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Fig. 5 (Orzack and Schlaegel). Frequencies of 
total and partial disappearances during a five- 
minute period are plotted as a function of the size 
of the field. Each point represents the mean for six 
subjects. 


Fig. 6 (Orzack and Schlaegel). Durations of 
total and partial disappearances during a five- 
minute period are plotted as a function of the size 
of the field. Each point represents the mean for 
six subjects. 


retinal adaptation.* With the larger diamond 
figures the subjects reported difficulty in 
seeing the entire figure at one time. It was 
difficult to perceive color in the outer por- 
tions of the figure. Since the border be- 
tween the figure and ground is one of color, 
not intensity, and since visual acuity is 
basically an intensity discrimination, visual 
acuity is near zero. In addition, as a result 
of steady fixation in the center of the figure 
retinal adaptation or fatigue occurs. Both 
poor visual acuity and retinal adaptation 
work together to cause a disappearance of 
the figure. Since the visual acuity is reduced 
as the figure is made larger, the figure will 
disappear more quickly, more frequently, 
and will remain invisible for longer periods. 

The lessening of the Liebmann effect by 
an increase in size of the ground may be 
explained by the principle of border inhibi- 
tion. Fry and Bartley’ discovered that an 
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Thre Dimensional Diagram of Apratus | 


Fig. 7 (Orzack and Schlaegel). Three-dimensional diagram of apparatus. 


outside border inhibits the discrimination 
of a test patch. With a large ground the 
subject sees only the inner border made by 
the figure and ground. The outside border 
of the field, while visible, is too peripheral 
to have much effect and therefore does not 
inhibit the borders of the figure. As a result 
only retinal adaptation is active in the pro- 
duction of the Liebmann effect. The influ- 
ence of border inhibition is increased as the 
ground is made smaller. The figure disap- 
pears more frequently because the effect of 
border inhibition is added to that of retinal 
adaptation. 


PRESENT APPARATUS 


The present apparatus was developed in 
an attempt to correct the following deficien- 
cies in the original set-up: (1) The screen 
was not equally illuminated over its entire 
surface because the projector produced a 
hot spot in the center; (2) a change in the 
size of the figure or ground requires a series 
of slides. It has been impossible to make 
such a series identical except for the vari- 
able to be studied. 

The present apparatus is diagrammed in 
Figure 7. The light source sends 


rays 


trough frosted glass which disperses it 
evenly. The light then passes through Polar- 
oid filters as before. Irecting lenses con- 
dense and transmit the light to field lenses 
which refract the light to parallel rays. Thus 
the image appears to be at infinity. The 
erecting lenses may be moved within a short 
space to produce a change in size of the 
image. Changes in luminosity are accom- 
plished by neutral-tint Wratten filters placed 
in front of the light source. 

The area behind the Polaroid filters is en- 
closed in a light-tight box, the cover of 
which serves as a shield for the light bulbs. 
Thus, no light other than that through the 
lenses is visible to the subject. The area visi 
ble to the subject is about 30 degrees in 
diameter, which is less than that of the 
original apparatus but still sufficient for a 
study of the 
interested. 


variables in which we are 


SUMMARY AND CONCLUSIONS 


A figure and ground phenomenon known 
as the Liebmann effect was studied binocu 
larly by using a stereoscopic projector and 
auxiliary filters. 

The following tentative conclusions can 
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be drawn from this study : 

1. The larger a diamond figure the more 
quickly it disappears, the more frequently it 
disappears, and the longer it remains in- 
visible. 

2. The larger the ground, the less fre- 
quently a disc figure disappears. 


3. Partial disappearance invariably pre- 
cedes total disappearance. 

An improved apparatus will be used in 
future studies. 


Indiana University 
Medical Center. 
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DIscussION 


De. Geanarp A. Brecuer: I was very much 
interested in this paper by Dr. Orzack and Dr. 
Schlaegel, and I think the work presented is a 
very fine contribution to an exact evaluation of the 
Liebmann effect. 

There are two questions I would like to ask Dr. 
Schlaegel. First of all, when he presents his data 
in final form, might it be advisable to present the 
size of the figure as well as the ground in the 
angles of vision, instead of just size in centimeters 
or some other unit ? 

Secondly, I missed entirely seeing any connection 
between this phenomenon as described and binocular 
perception. Actually, | believe the same effects 
could be obtained, if I am not mistaken, in monocu- 
lar vision. It is very important to stress this, 
because the title of the paper indicates a contribu- 
tion to binocular perception, which I cannot see. 


De. T. F. Scutarcet, Je., (closing) : The sizes in 
degrees were given, and I mentioned them hurriedly. 
Perhaps it would have been better to have shown 
them on the slide also, but they are in the final paper. 

You are entirely correct about this not being a 
binocular study. In other words, the same thing 
would occur with naked vision or with one eye at 
a time. The main thing we have attempted to do 
is to develop an apparatus and to get started on 
this type of work. That was what took most of the 
time. 

This is a preliminary report, and is so entitled. 
We feel we have it more or less set up now so 
that we can go ahead and do binocular studies in 
the future, and we feel that our main contribution 
is the apparatus and getting ready for making 
future studies along the lines of binocular percep- 
tion. 


THE BREAKDOWN OF GLUCOSE AND ITS PHOSPHORIC ESTERS 
IN THE BOVINE LENS CAPSULE* 


ZACHARIAS Discue, M.D., anp G. Eurtrcu, Pa.D. 
New Y ork 


It has been previously reported’ that even 
after removal of the epithelium, the beef 
lens capsule in vitro breaks down ribose 
contained in its nucleotide fraction under 
aerobic as well as anaerobic conditions. As 
ribose in the nucleotides is substituted on 
its Carbon 5 by phosphoric acid, it was rea- 
sonable to assume that its breakdown fol- 
lows the pathway which was established for 
the breakdown of ribose-5-phosphate? in 
other tissues. This pathway consists of the 
transformation of ribose-5-phosphate into 
a mixture of hexose-6-monophosphate and 
fructose-1, 6-diphosphate. 

The fact that it was not possible to dem- 
onstrate an accumulation of these fructose 
esters during the breakdown of ribose was 
attributed to rapid metabolism of these 
esters by the lens capsule. These esters, on 
the other hand, are also intermediates in the 
aerobic and anaerobic breakdown of glu- 
cose in all tissues, and a priori it was reason- 
able to assume that glucose, which is pres- 
ent in the lens capsule, represents the normal 
metabolic substrate of the lens capsule. 

In the present series of experiments, 
therefore, the ability of the lens capsule to 
metabolize glucose, glucose-6-phosphate, and 
fructose-1, 6-diphosphate (Harden-Young 
ester) under anaerobic and aerobic condi- 
tions was investigated. These investigations 
were extended also to lens capsule from 
which the epithelium was removed by scrap- 


ing. 
EXPERIMENTAL 


MATERIAL AND GENERAL PROCEDURES 


Cattle eyes from animals 18 to 30 months 
of age were obtained from the slaughter 
house. The eyes were removed a short time 
after killing of the animal, were transported 
packed in ice to the laboratory, and were 


immediately dissected. The preparation of 
the lens capsules and removal of the ept- 
thelium were carried out as previously re- 
ported.’ 

In the experiments in which the epi- 
thelium was not removed, the whole capsule 
was used after the fibers were removed as 
carefully as possible. In those experiments 
in which the epithelium was removed, only 
the anterior capsule was used. 

Every capsule was spread on a micro- 
scopic slide which, in order to facilitate 
better visibility, had been blackened with 
charcoaled paraffin. The capsules were di- 
vided into two equal parts as accurately as 
possible. One half of each capsule served as 
a control for the determination of the initial 
value of sugar, while the other half was 
transferred into a previously weighed stand- 
ard Warburg vessel containing one cc. of 
Kreb's Ringer solution. Five to 10 halves in 
pooled batches weighing 100 to 200 mg. were 
used for every experiment. 

In experiments in which no substrate was 
added to the capsule, the control halves were 
transferred to centrifuge tubes containing 
one ce. of Kreb’s Ringer solution and im- 
mediately deproteinized by adding a volume 
of 100-percent trichloracetic acid sufficient 
to make the final concentration five percent, 
while the experimental samples were incu 
bated for two hours in a water bath at 37°C. 
under vigorous shaking in an atmosphere 
of pure oxygen or nitrogen, which gases 
were previously bubbled through the Kreb’s 
Ringer solution used for the experiment. 
At the end of this time, the experiment was 
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*From the Department of Ophthalmology, Co- 
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Surgeons, and the Institute of Ophthalmology, 
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Energy Commission. 
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interrupted by the addition of 100-percent 
trichloracetic acid to bring the final concen- 
tration to five percent and the sample was 
left standing overnight. 

Next, an aliquot of the trichloracetic-acid 
filtrate in the Warburg manometers was 
centrifuged, together with the control sam- 
ple. The protein residue in the Warburg 
vessels was then rinsed with five-percent 
trichloracetic acid. into the corresponding 
residue of the experimental sample in the 
centrifuge tube, centrifuged again and nitro- 
gen determinations were’ made from the 
total residue of this sample as well as of th. 
control. In some experiments substrate was 
added to the suspension fluid of the experi- 
mental sample. In these cases, the control 
sample (without any added substrate) was 
not deproteinized immediately, but was in- 
cubated under the same conditions as the 
experimental sample. 


ANALYTIC PROCEDURES 


Glucose and glucose-6-phosphate were de- 
termined by two different methods, namely 
the anthrone reaction’ and the cysteine sul- 
furic acid reaction for hexoses.* These two 
reactions were in satisfactory agreement. 
Fructose-1, 6-diphosphate was determined 
as fructose by the cysteine carbazole reac- 
tion previously described,’ and as hexose by 
the cysteine sulfuric acid reaction of hexo- 
ses. Duplicates were taken for every deter- 
mination and an internal standard was used 
throughout. Lactic-acid determinations were 
carried out by the Barker-Summerson 
method,’ nitrogen was determined by micro- 
Kjeldahl, and inorganic and pyrophosphate 
P by the method of King.’ 


RESULTS 


BREAKDOWN OF GLUCOSE- AND FRUCTOSE- 
PHOSPHATES BY THE LENS CAPSULE 


In a first series of experiments, the break- 
down of glucose-6-phosphate, and of fruc- 
tose-1, 6-diphosphate have been examined. 
These sugar esters were added to the sus- 


pension fluid in amounts which corre- 
sponded to 40 yg. of glucose and 30 ug. of 
fructose respectively. Under these condi- 
tions the loss of sugar caused a deviation of 
readings in the determination which was 
optimal as far as the accuracy of the deter- 
mination was concerned. 

The results of these experiments are listed 
in Table 1. As can be seen, the lens capsules 
break down both esters with a similar speed, 
and no difference in the rate was observed 
between aerobic and anaerobic experiments. 
It can be also seen from the table (experi- 
ment 26) that addition of monobromoace- 
tate, in concentration of M/100 and M/40 
NaF, inhibited almost completely the break- 
down of the esters. This finding indicates 
that the breakdown follows the pathway 
known from other and 
formation of triosephosphate and its oxida- 


tissues, involves 
tion by triosephosphate dehydrogenase. 

The determination of lactic acid in these 
experiments did not provide a definite an- 
swer as to the end-product of the breakdown 
of the sugar esters because of the high ini- 
tial level of lactic acid in the lens capsule 
which, in our experiments, was about 100 
gamma/100 mg. wet weight of the capsule. 
Under these conditions the accumulation of 
lactic acid from the sugar esters could not 
amount to more than 10 percent of the initial 
value, and it was impossible to obtain statis- 
tically significant results for the amount of 
lactic acid produced from these esters. 

As can be seen from experiment 55, 
hexose-6-phosphate was broken down by 
the capsule even after the epithelium was 
scraped off as carefully as possible. The rate 
of the breakdown was somewhat lower than 
the average rate from four experiments with 
intact epithelium. It was, however, higher 
than the lowest values in the latter series of 


experiments. 

As can be seen from Table 2, fructose-l, 
6-diphosphate is broken down by the capsule 
at about the same rate as glucose-6-phos- 
phate, as far as the breakdown of the total 
hexose is concerned. It will be noted, how- 
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TABLE 1 
BREAKDOWN OF GLUCOSE-6-PHOSPHATE IN BEEF LENS CAPSULES INCUBATED at 37° C. 


Wise Amount of 

Experi- Weight | Gas. Time of Substrate otal Hexose 

of Lens | Phasein | ) Hexose 

ment | Incubation Added per used up 
No. (in br.) | wg./gm. Capsule ! | per wg./gm. 

in mg. | esse apsu Capsule 

17 341.0 | 0 Gl-6-Phos 15,4 475 
| GIl-6-Phos 240 112 


321.0 | O 2 


23 


$12 0 (51-6-Phos 167 338 | 

315.0 N 2 (51-6-Phos 157 184 
53° 260.3 | 0  Gil-6-Phos 

252.0 N 2 (s1-6-Phos 288 


M4 


273.0 ? 0 310 
262.5 O 2 Gl-6-Phos 145 236 62 

21 305.0 Oo 2 0 387 
293.0 ? Gl-6-Phos 130 309 63 

{8 420.5 N 2 Gl-6-Phos 95 270 
421.0 O 2 Gl-6-Phos 95 270 0 

6 396.0 | Air 2 Gl-6-Phos 100 | 180 

| 393 Air 2 (51-6-Phos 100 400 


(+M/100 Bromo- 
acetate and | 


| M /40 NaF) 


ever, from the last column of the table that capsule varies from 20 to 40 mg. percent. 
the amount of fructose used up was smaller These values are lower than those found in 
than the amount of total hexose. This could the aqueous humor and in the lens fibers. 
mean that in these experiments the lens cap- This difference may be due to changes dur- 
sule was also able to utilize its own glucose. ing the preparation. When the isolated lens 
capsule was incubated, no significant de- 
crease of glucose in two hours could be 
observed in five out of eight experiments, 
The concentration of glucose in the lens nor was any significant breakdown observed 


BREAKDOWN OF GLUCOSE IN THE LENS CAP- 
SULE 


TABLE 2 
BREAKDOWN OF FRUCTOSE-1,6-DIPHOSPHATE IN BEEF LENS CAPSULES INCUBATED At 48°C. 


| | Gas | | Amount of 
Experi- | Weight Phase Time of | Substrate Fotal Hexose Fructose 
ment War- Incubation Added per Used up per wg./gm. 
No. burg (in hr.) | gg./gm. Capsule perug./gm. Capsule 
Vessel | | Capsule | 
13 0 Frdiphos ., | 307 143 
360.0 O 2 Fr-diphos 157 122 
2 Fr-diphos 26” 83 | 9.3 
24 | 293.0 Air | 2 | Fr-diphos 140 | 185 | 
| 200.0 | Air | 2 Fr-diphos 140 | 290 


—(+M/1000 Bromo- 
acetate + M /40 
NaF) 


> 10] 
Epithelium raped of 
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TABLE 3 
BREAKDOWN OF GLUCOSE BY BEEF LENS CAPSULES 
ment of Capsu Gas Incubation le up in wg./gm. 
No. (in mg.) | (in hr.) 11> ae Capsule 
3 a) 288.3 | O. 0 319 
331.5 2 297 71 
b) 240.8 Oy 0 324 
249.5 2 336 0 
4 a) 358.0 Oy; 0 402 
348.0 2 375 15 
b) 218.0 O; 0 380 
243.0 2 | 380 0 
5 a) 271.0 N,; 0 356 | 
316.5 2 312 | 52 
b) 223.0 N; 0 336 | 
278.0 2 269 | 96 
6 a) 302.0 N; 0° | 413 
215.0 2 | 435 0 
b) 328.0 N; 0 387 
339.5 2 412 | 0 


when glucose was added to the suspension 
fluid in such amounts that its final concen- 
tration was about 30 mg. percent (table 3). 

The fact that the phosphoric esters of glu- 
cose, but not glucose itself, were attacked 
by the lens capsule in every experiment sug- 
gested that the inability of the lens capsule 
to metabolize glucose in the majority of 
cases may be due to variations in its ability 
to phosphorylate glucose to glucose-6-phos- 
phate. This suggestion was supported by the 
fact that the adenosine triphosphate which 
is present in the capsule in a concentration 
of about M/2,000, decreases rapidly during 
the incubation at 37°C. The results in Table 
4 show that after this interval of time the 
concentration of adenosine triphosphate 
drops to 20 to 3O percent of the original 
value. 

To test the validity of this assumption, 
we carried out a series of experiments in 
which adenosine triphosphate in the form 
of its neutral sodium salt was added to the 
suspension fluid at the beginning of the ex- 
periment to one batch of halves of capsules, 
while to the other batch which contained 


only glucose, no adenosine triphosphate was 
added. These samples were incubated at 
37°C. for two hours and the glucose content 
of both was determined. 

As may be seen from Table 5, in four out 
of five of these experiments the amount of 
glucose present at the end of the experiment 
in samples to which adenosine triphosphate 
had been added, was 20 to 35 percent lower 
than in samples without adenosine triphos- 
phate. These results support our assumption 
that the seeming inability of the capsule to 
metabolize glucose is only an apparent one 
due to the rapid dephosphorylation of 
adenosine triphosphate in the stripped-off 
capsule which depresses this phosphate car- 
rier to a level at which the significant phos- 
phorylation of glucose can no longer take 
place. 

When the same experiments were re- 
peated with capsules from which the epi- 
thelium was removed, breakdown of glucose 
in presence of adenosine triphosphate could 
be still observed, although here again the 
breakdown was only about half of the aver- 
age found in presence of intact epithelium. 
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TABLE 4 


INFLUENCE OF INCUBATION IN PRESENCE AND ABSENCE OF GLUCOSE-6-PHOSPHATE ON THE 


INORGANIC AND PYROPHOSPHATE P OF BEEF LENS CAPSULES AT 38°C, 


_ 


| P Hydrolyzed 

Experi- Wet Weight Time of | Substrate Added Inorganic P in 10 min. 

ment of Capsule Incubation | per ug./gm. per ug./gm. by N H,SO, 

No. (in mg.) (in br.) | Capsu Capsu per ug./gm. 

| Capsule 

29 372.5 0 |  Gl-6-Phos 100 94 46 
633.0 2 | Gl-6-Phos 149 15 
28 | 440.5 0 | 0 93 30 
493.0 2 0 128 11 
30 432.0 Gl-6-Phos 110 129 | 15 
438.0 | l 0 130 | i! 


— 


D1sCUSSION 


Our experiments indicate that the lens 
capsule of beef is able to metabolize glucose 
under anaerobic conditions; there appears 
no difference, at least in vitro, in the turn- 
over of glucose in presence of oxygen or 
nitrogen. As the lens capsule in two hours’ 
heating was found to utilize about 10 gl. of 
oxygen under the conditions of our expert- 
ment, our data indicate that glucose is pre- 
dominantly glycolyzed and not oxidized. 

Although it was not possible to establish 
an increase in lactic acid during the break- 
down of glucose and glucose esters, there 
can be little doubt that the pathway of the 


breakdown is the usual glycolytic one; this 
is indicated by the speed with which hexose- 
6-phosphate and fructose-1, 6-diphosphate, 
the usual intermediates in the glycolytic 
breakdown of glucose, are metabolized, and 
by the complete inhibition of the breakdown 
of these esters by monobromoacetic acid in 
combination with NaF. 

Finally, the fact that the metabolism of 
glucose by the capsule requires an adequate 
level of adenosine triphosphate, indicates 
clearly that phosphorylation of glucose to 
hexose-6-phosphate is the initial step in its 
breakdown by the capsule. The observation 
that hexose-6-phosphate is metabolized even 


TABLE 5 
INFLUENCE OF ADDITION OF ADENOSINE TRIPHOSPHATE ON THE BREAKDOWN OF 
GLUCOSE IN BEEF LENS CAPSULES 


Wet 


~ 


Experi- Time of 
ment Incubation 
No (in mg.) (in hr.) 

36 441.5 Air | 2 
| 491.5 Air 2 
| 3 
| 466 .0 | N; 3 
34° 344.0 Air 2 
| 354.0 Air | 2 
| | Ae 
s2* | 410.0 Ae | 


Total 


Glucose 
Substance Added in Glucose Used up 
ug./gm. Capsule in wg./am. | in wg./em 
Capsule Capsule 
ATP 1.5 ist 
ATP 1.5 374 | 
Glucose 0.2 ATP 1.5 268 | 
ATP | 378 | 102 
Glucose 0.2 ATP 1.5| 258 | 
ATP | 253 | 0 
ATP 1.5 304 | 
0 | 370 76 


103 
— 
400 Air Z 
* In these experiments glucose was determined by the anthrone as well as the cysteine reaction 
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without the addition of adenosine triphos- 
phate does not invalidate this conclusion as 
the phosphorylation of fructose-6-phosphate 
to fructose-1, 6-diphosphate by adenosine 
triphosphate in other tissues (non-nucleated 
and nucleated red cells) was shown to pro- 
ceed much faster than the phosphorylation 
of glucose to the equilibrium mixture of 
fructose and glucose-6-phosphate, and to go 
on with sufficient speed even in the presence 
of catalytic amounts of adenosine triphos- 
phate. In this respect, therefore, the lens 
capsule does not differ essentially from other 
tissues. 

The rapid breakdown of hexose esters 
suggested the possibility that the ribose-5- 
phosphate present in the capsule in nucleo- 
tide form may be metabolized in a similar 
way, as was shown to be the case in 
other tissues such as blood and liver. This 
pathway would involve, as was pointed out 
previously, the formation of heptulose-7- 
phosphate, triosephosphate, and hexose-6- 
phosphate as intermediates. However, 
attempts to demonstrate an accumulation of 
either of these intermediates during the 
incubation of the bovine lens capsules were 
negative. 

Furthermore, addition of ribose-5-phos- 
phate or adenosine, which in other tissues 
is rapidly phosphorylated to ribose-5-phos- 
phate, did not cause any increase in the 
turnover of ribose. Hexose-6-phosphate 
added to the capsule is easily metabolized 
and, therefore, must easily penetrate the 
capsule. It seemed therefore improbable, al- 
though not impossible, that this failure to 
obtain a breakdown of added ribose-5-phos- 
phate or adenosine was due to the inability 
of these compounds to penetrate into the 
capsule. 

The possibility had to be considered that 
the enzyme system metabolizing ribose-5- 
phosphate is saturated already at the low 
concentrations of this ester present in the 
capsule. This would explain the failure in 
demonstrating any significant increase in the 
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turnover of ribose by added ribose-5-phos- 
phate or adenosine, If such were the case, 
the interruption of the glycolytic breakdown 
of hexose-6-phosphate by bromoacetic acid, 
which does not inhibit the disappearance of 
ribose-5-phosphate, should lead to an ac- 
cumulation of either heptulose phosphate or 
herose phosphate. However, the most sensi- 
tive test for heptulose with cysteine and 
sulfuric acid,* and for fructose phosphate 
with cysteine and carbazole and sulfuric 
acid, failed to detect any amount of these 
compounds formed from the ribose of the 
lens capsule nucleotides in presence of bro- 
moacetate. Therefore, the breakdown of 
ribose-5-phosphate in the lens capsule prob- 
ably proceeds on a different pathway. This 
requires further investigation. 

Our observations on the disappearance of 
adenosine triphosphate in the capsule raised 
a question of the extent to which the me- 
tabolism in vitro of this tissue resembles, 
insofar as turnover is concerned, its meta- 
bolic activities in vivo. This rapid disappear- 
ance of adenosine triphosphate could be, 
in the first place, due to an increase in the 
activity of the dephosphorylating enzymes, 
probably adenosine triphosphatase. An in- 
crease in the dephosphorylation of adenosine 
triphosphate after injury is quite common 
in all tissues and reaches almost explosive 
dimensions in such tissues as heart, muscle, 
or nucleated red cells. 

The other possibility is that adenosine tri- 
phosphate is present in a steady-state due to 
a dynamic equilibrium between the break- 
down by adenosine triphosphatase or phos- 
phate-transferring enzymes and the resyn- 
thesis brought about by phosphorylation 
coupled with glycolysis or respiration. In 
this case the rapid destruction of adenosine 
triphosphate in vitro would be due to a sig- 
nificant decrease in the metabolic rate or 
its coupling with adenosine triphosphate 
synthesis as a result of stripping off the cap- 
sule. This decrease in metabolic rate could 
concern only the respiratory metabolism, 


as the efficiency of this metabolism, as far as 
phosphorylation is concerned, is several 
times higher than that of the glycolytic proe- 
ess. 

In either case we would have to assume, 
therefore, that the separation of the capsule 
from the lens fibers causes severe damage 
to its structural elements. In this respect 
again the lens capsule shows the properties 
of a living organ highly sensitive to environ- 
mental changes. 

In view of these considerations concern- 
ing adenosine triphosphate, the metabolism 
of the nucleotides in the lens capsule appears 
to be most probably a post mortal phenome- 
non depending upon the splitting of adeno- 
sine triphosphate, and perhaps also of coen- 
zymes | and 2. As long as these nucleotides 
are not split, the adenosine-5-phosphate 
which can serve as a source of ribose-5- 
phosphate cannot be split to deliver this 
latter ester. We can assume, therefore, that 
in vivo the ribose-5-phosphate in the nucleo- 
tides is either metabolized not at all or to 
a much lesser degree, depending upon the 
continuous presence of small amounts of 
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free adenosine-5-phosphate, which obviously 
cannot be determined at the present time. 


SUMMARY 


1. The adenosine triphosphate in the lens 
capsule of beef is rapidly dephosphorylated 
after the capsule is stripped off and incu- 
bated at 37°C. 

2. Anaerobic breakdown of glucose by the 
lens capsule can be observed reliably only in 
presence of sufficient amounts of adenosine 
triphosphate. 

3. Removal of the epithelium depresses 
the glucose turnover but does not abolish it. 

4. Glucose-6- and fructose-1, 6-diphos- 
phate are anaerobically broken down by the 
lens capsule even without addition of adeno- 
sine triphosphate. 

5. Ribose-5-phosphate and adenosine 
added to the lens capsule are not metabo- 
lized. 

6. The significance of these findings for 
the interpretation of the capsular metabolism 
in vivo is discussed. 


630 West 168th Street (32). 
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ANAEROBIC CARBOHYDRATE METABOLISM OF THE 


CRYSTALLINE LENS* 


I, GLUCOSE AND GLUCOSE-6-PHOSPHATE 


Harry Green, Pu.D., Caror A. Bocner, M.S., anp Irvinc H. Leopoip, M.D. 
Philadelphia, Pennsylvania 


Kronfeld and Bothman' in 1928 first 
demonstrated the ability of the crystalline 
lens to produce lactic acid from glucose. 
Since then, fragmentary evidence has ac- 
cumulated suggesting that lens glycolysis 
involves intermediary phosphorylation and 
the participation of phosphate esters. 

Siillmann? in 1937 demonstrated the 
ability of bovine lens to form acid soluble 
organic phosphates with the disappearance 
of inorganic phosphate in the presence of 
various sugars. One year later Weekers and 
Sillmann’® observed a 10-percent increase in 
lactic-acid formation by bovine lens in the 
presence of added imorganic phosphate. 
However, stoichiometric relationship 
could be established. Increased glycolysis 
also resulted from the addition of yeast 
hexokinase, and hexosemonophosphate and 
hexosediphosphate were as cffective as 
glucose in producing lactic acid. 

Miiller* in 1936 showed an increase in 
alkali saponifiable phosphate when bovine 
lens was incubated with fructose diphos- 
phate. More recently Palm® and Miller and 
Kleifeld® reported the rapid incorporation of 
P* into acid soluble organic phosphate of 
the animal lens. 

Nordmann and Mandel’ detected in the 
lenses of cattle, rabbits, and rats practically 
all of the phosphate esters predicted from 
the Embden-Meyerhof scheme of carbohy- 
drate metabolism. The work of Leinfelder 
and Christiansen* established the basic 
enzymatic nature of lens glycolysis by 
showing it to be a heat labile system. 
Our knowledge of the carbohydrate me- 


*From the Research Department, Wills Eye 
Hospital. This work was supported in part by a 
grant-in-aid from the National Council to Combat 
Blindness. 


tabolism of the crystalline lens is, indeed, 
very meager. Whether the lens, like all 
other mammalian tissues studied, behaves 
metabolically in accordance with the classi- 
cal Embden-Meyerhof scheme remains to 
be established. 

These investigations were undertaken to 
elucidate the metabolic pathway and to 
establish the intermediary reactions and en- 
zyme systems involved in the anaerobic 
utilization of carbohydrates by the crystal- 
line lens. The results obtained shall com- 
prise a basis for the comparative evaluation 
of the metabolic characteristics of catarac- 
tous lenses. It is hoped that such a compara- 
tive study might shed some light on the 
biochemical mechanism of the development 
of lenticular opacities. 


MATERIALS 


The following chemicals were purchased 
from Schwarz laboratories: barium glucose- 
6-phosphate, barium fructose-6-phosphate, 
dipotassium glucose-1-phosphate, adenosine- 
5-phosphoric acid, barium adenosine di- 
phosphate, and diphosphopyridine nucleo- 
tide, chromatographically pure. Disodium 
adenosine triphosphate and hexokinase, dry 
lyophilized powder, were products of the 
Pabst laboratories. Glucose was Merck’s 
anhydrous. Adenosine triphosphatase was 
prepared according to the method of Bailey.’ 


PROCEDURES 


Solutions of the barium salts of the phos- 
phate esters were prepared by precipitating 
the barium ions in dilute HCl at O°C. 
with 0.5M K,SO,, neutralizing with dilute 
NaOH, and removing the BaS©, by cen- 
trifugation and decantation. All solutions 
wherever possible were adjusted to pH 7.4. 
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Phosphate was determined by the method 
of Fiske and Subbarow” as modified by 
Lohmann and Jendrassik."' Labile phos- 
phorus (7’P) was determined according to 
the procedure of Lohmann" at 100°C. and 
in N HCl. 

Lactic acid* was determined according 
to Barker and Summerson”’ as described 
by Umbreit.** Adenosine-triphosphatase ac- 
tivity was assayed in the presence of 1.85 ml. 
0.1N tris-(hydroxymethyl) amino methane 
buffer, pH 7.4; 0.15 ml. 0.018N CaCl,; 0.5 
ml. adenosine triphosphate solution con- 
taining 387 wg. 7’P. At 37°C. 0.5 ml, of 
enzyme solution liberated 150 yg. of in- 
organic phosphate in 10 minutes. 


PREPARATION OF LENS EXTRACT 


Colored rabbits between 20 and 30 days 
of age and weighing between 0.75 and 1.0 
lb. were killed by the injection of one to 
two ml. of veterinary nembutal directly into 
the heart. Both eyes of each animal were 
enucleated immediately after death and 
placed in a beaker surrounded with ice. 

The lenses were exposed by dissecting 
through the sclera, as described by Kinsey," 
and removed free of vitreous humor and 
extraneous tissue as follows, care being ex- 
ercised to avoid touching the lens tissue 
with any instrument: while the lens was in 
place atop the cornea, vitreous humor was 
drawn off by aspiration through a capillary 
tube connected to a H,O aspirator. With a 
small muscle hook the zonular attachments 
were severed leaving the lens attached only 
in one narrow spot. By carefully drawing 
the scleral flaps over the cornea the lens 
may be suspended by the attached zonules. 
Any residual aqueous or vitreous humor 
usually collected as a drop on the lower tip 


* The source of Ca(OH), was found to be of 
critical importance. Baker's, both U.S.P. and 
Analytical Reagent grade S, gave inaccurate and 
nonreproducible results. Instead of the character- 
istic blue or violet color, a green coloration formed 
with these materials. Ca(OH). from Merck, Mal- 
linckrodt, Harshaw, and Fisher were all equally 
satisfactory. 
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of the lens and could be removed by touch- 
ing it with gauze. The remaining zonular 
attachment was cut permitting the lens to 
drop into a chilled beaker. The entire pro- 
cedure of removing the lens from an 
enucleated eye usually required not more 
than two to three minutes. 

The weighed lenses (average weight per 
lens, 120 to 150 mg.) were transferred 
to a chilled Potter-Elvehjem homogenizer 
equipped with a smooth pestle’ and 
sufficient isotonic KCl (0.154M) and 
NaHCO, (0.154M) were added to give a 
final concentration of one lens/0.5 ml. total 
volume, and a pH between 7.5 and 8.0.4 

Homogenization’ was conducted in the 
cold and was completed in about one minute 
with complete disintegration of the lens 
tissue. The homogenate was centrifuged at 
4,000 rpm at 0°C. in an International Re- 
frigerated Centrifuge, Model PR-1, for 10 
minutes. The resultant opalescent superna- 
tant was free of cellular debris when ex- 
amined microscopically. 


EXPERIMENTAL 


All incubations were conducted in a War- 
burg apparatus at 37°C., initial pH of 7.4 
to 7.6, and in a total liquid volume of 1.2 
to 1.7 ml. All vessels were gassed at room 
temperature with 95-percent N, to 5-percent 
CO, for 10 minutes and equilibrated in the 
thermostatic bath for 10 minutes, during 
which time all glass-stoppered joints were 
tightened. The manometers were set at 15 
and the contents of the side-arm tipped in 
at O minutes, unless otherwise noted. Con- 
trols for zero minute values, as well as suit- 


tLens tissue was not completely disintegrated 
when a pestle with grooves or teeth was used. 

t The dry weight content per lens was 20 percent. 
Thus, for example, 20 lenses, average weight per 
lens, 138 me., contained 1.97 ml. H,O. To this was 
added 6.69 mi. KCl and 1.34 ml. NaHCO, for a 
total volume of 10.0 ml. 

§ Objectionable foaming was avoided by not lift- 
ing the pestle out of the mixture during the ho- 
mogenization. After homogenization was complete 
the pestle was slowly removed from the mixture 


able blanks, were run simultaneously in the 
given experiment. 

Reactions were stopped or deproteinized 
with 0.2 ml. 40-percent trichloracetic acid 
either added from the side arm or pipetted 
into the flask that was removed and chilled 
at the end of the incubation. In either case 
the contents of the flask were made up to 
10.0 ml. with five-percent trichloracetic 
acid, the protein precipitate thoroughly 
broken up with a glass rod, and centrifuged 
at 0°C. for 10 minutes at 4,000 rpm. 

The clear colorless supernatant was used 
for analyses. Wherever extract values were 
necessary an aliquot of the original extract 
was treated similarly. 


RESULTS 


All values are calculated on the basis of 
100 mg. dry weight of lens tissue. Basic to 
the concept of a phosphorylating mechanism 
is the disappearance of inorganic phosphate 
in the progress of the reaction and the in- 
terdependency of the two phenomena. This 
relationship is strikingly demonstrated in 
Figure 1 and in Table 1. Thus, while the 
rate of glycolysis, as measured by the rate 
of evolution of CO, from NaHCO, buffer, 
slowed down after 40 minutes in the absence 
of added inorganic phosphate,* the rate was 
maintained constant for at least 120 minutes, 
when sufficient inorganic phosphate was 
present at the beginning of the reaction. 


* The concentration of inorganic phosphate per 
mi. of lens extract was from 04 to 0.5 pM. 
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20 30 40 60 
Minutes 

Fig. 1 (Green, Bocher, and Leopold). The effect 
of phosphate upon glycolysis. 

The main compartment of each flask, except the 
blank, contained 1.11«10°M glucose and 1.0 ml. ot 
lens extract equivalent to two lenses (dry weight, 
85.8 mg.). T.V. 1.1 ml. In addition: —®—@O—, 
blank, containing 0.1 ml. Hs,O; —O-—O—-; 0.1 ml. 
H,O; —+—+— 0.1 mi. 0.1M PO, solution (42 
x10°M. final concentration); 0.1 ml. 0.1M. PO, 
solution added at 60’ as indicated by the arrow 
(final concentration, 4.0«10°M in a total volume 
of 13 ml.) ; 0.1 mi. solution 
added at 60’ as indicated by the arrow (final con- 
centration, 208 «10°M in a total volume of 1.3 
mil.). 


The same effect was achieved by tipping 
in from the side-arm of the vessel addi- 
tional inorganic phosphate after the reac- 


TABLE 1 
CORRELATION OF LACTIC ACID FORMATION WITH CQ. EVOLUTION AND 


uw Moles in 90 minutes 


Substrate CO, 
Glucose 3.46 
Glucose + PO, 4.72 
Glucose + PO, (60°) 5.20 
Glucose + ASO, (60’) 6.80 
Blank 1.09 


‘The'eame conditions as in Figure 1. 


Lactic Acid Inorganic Phosphate 
1.00 0.89 
4.52 3.70 
5.90 -- 
7.00 
0.46 +0 .90 
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tion had slowed down. This addition, as 
indicated by the arrow in Figure 1, restored 
the glycolysis to its original rate. The effect 
of the addition of arsenate was even more 
pronounced and confirmed the fact that the 
limiting factor under these conditions was 
inorganic phosphate.* 

Since the evolution of CO, from 
NaHCO, is not always an accurate measure 
of the extent of production of lactic acid, 
the latter was determined chemically. It is 
clear from Table 1 that a quantitative re- 
lationship obtains between the CO, evolu- 
tion and lactic acid formation when the 
reaction mixture is adequately fortified with 
inorganic phosphate; on the other hand, in 
the absence of added inorganic phosphate 
much more CO, (3.4 times) than lactic acid 
is formed.’ It is also clear from Table 1 
that the formation of lactic acid is correlated 
with the disappearance of inorganic phos- 
phate. 

When glucose-6-phosphate or fructose-6- 
phosphate is substituted for glucose as sub- 
strate, more than a doubling of the initial 
rate of formation of lactic acid occurred and 
an overall increase in 120 minutes of almost 
two-fold resulted. This is shown in Figure 2. 
This difference in capacity of the two sub- 
strates to produce lactic acid indicated that 
the formation of hexosemonophosphate* 
from glucose was a rate limiting factor. As- 
suming that glucose is converted to glucose- 
6-phosphate by the lens according to the 
classical reaction, 


Hexokinase 
> Glucose-6-PO, + ADP, 


Glucose + ATP 


this difference could be attributed either to 


*Meyerhof” has shown that the addition of 
arsenate to yeast and muscle extracts permitted 
glycolysis to proceed without the accompanying 
uptake of inorganic phosphate. 

'This is probably due to the Harden-Young 
effect” which may occur when the supply of in- 
organic phosphate is exhausted and results in the 
accumulation of acid equivalents (hexose mono- 
and diphosphate) other than lactic acid. 

t Glucose-1-phosphate was equally effective. 


an insufficient concentration of adenosine 
triphosphate or of hexokinase, or to both. 
Accordingly, it was found that the addition 
of 5.1 uM adenosine triphosphate had no 
stimulatory effect, while the addition of 1.0 
mg. of hexokinase caused a 10-fold increase 
in rate and more than a five-fold increase in 
the overall production of lactic acid in 120 
minutes (fig. 2). A similar proportional in- 
crease in lactic acid production was also ob- 
served when hexokinase was added to the 
control in the absence of exogenous sub- 
strate. 

The observation that the 
lactic acid was faster and greater in the 
presence of glucose and hexokinase than 
with glucose-6-phosphate as substrate, and 


formation of 


Voles Loctrc Acid 
> 


=) 


60 120 


Minutes 


Fic. 2 (Green, Bocher, and Leopold). Formation 
of lactic acid. 

Main compartment: 0.5 ml. extract, 0.5 ml. ise 
tonic KCl-NaHCQO,, 0.1 ml. (In the experi 
ment with glucose alone 1.0 ml. of extract was used 
with no additional KC]-NaHCO,y.) Side-arm: 01 
mi. glucose (final concentration, 1.11«10°M), 0.15 
ml. O.1M PO, (final concentration, 10°M), 0.05 
ml. 0.031 N NaHCO, 0.1 ml Hexokinase (1 mg. 
of crystalline material), 0.1 ml. glucose-6 or frue 
tose-6-phosphate (final concentration, 6.67 « 10°M ). 
Side-arm contents tipped in at 0 minutes. T.V., 
15 ml. ~O—O—., glucose; —+—+— fructose-6 
phosphate ; glucose 6-phosphate ; 
—@—@—, glucose and hexokinase. 
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Fig. 3 (Green, Bocher, and Leopold). Formation 
of lactic acid. 

Main compartment: 0.5 ml. extract, 0.5 ml. iso- 
tonic KCl-NaHCO, and 0.1 ml. H,O. Side-arm: 
0.1 mil. glucose (final concentration, 1.1110°M) ; 
0.1 ml. 0.1M PO, (final concentration, 1«10°M) ; 
0.1 ml, hexokinase (1 mg. crystalline material) ; 
0.05 mi. 0.031 N NaHCoO,; 0.1 mil. fructose-6- or 
glucose-6-phosphate (final concentration, 6.67 
10°M) ; 0.1 ml. adenosine diphosphate (final con- 
centration, 3.33«10°M); 0.1 ml. adenosine mono- 
phosphate (final concentration, 6.67«10°M). Side- 
arm contents tipped in at 0 minutes. T.V., 1.5 ml. 
glucose-6- or  fructose-6-phosphate ; 
~O--O-—, fructose-6-phosphate and adenosine di- 
phosphate; —+—+-—, glucose-4- or fructose-6- 
phosphate and adenosine monophosphate ; -@—@—, 
glucose and hexokinase. 


that the lens extract contained enough 
adenosine triphosphate to saturate the en- 
zyme, indicated that the adenosine diphos- 
phate formed in the reaction played an im- 
portant role. Indeed, as shown in Figure 3, 
the addition of adenosine diphosphate or 
adenosine monophosphate to the glucose-6- 
phosphate or fructose-6-phosphate system 
caused a marked increase in the formation 
of lactic acid approaching the value obtained 
by glucose and hexokinase. 

The system glucose and hexokinase, on 
the other hand, is somewhat inhibited by 
the presence of added adenosine monophos- 
phate and adenosine diphosphate as well as 
by adenosine triphosphate (fig. 4). 


60 
Minutes 


Fig. 4 (Green, Bocher, and Leopold). Formation 
of lactic acid. 

Main compartment: 0.5 ml. extract, 0.5 ml. iso- 
tonic KCl-NaHCO,, 0.1 mi. H,O. Side-arm: 0.1 
mil. glucose (final concentration, 1.11«10°M); 0.1 
mil. hexokinase (1 mg. crystalline material); 0.15 
mi. 0.1 M PO, (final concentration, 1x 10°M) ; 0.05 
mi. 0.031 N NaHCoO,; 0.1 ml. adenosine triphos- 
phate (final concentration, 6.26x10°M); 0.1 ml. 
adenosine diphosphate (final concentration, 6.26 
x10°M); 0.1 ml. adenosine monophosphate (final 
concentration, 6.26«10°M). Side-arm contents 
tipped in at 0 minutes. T.V., 16 mil. —®—®—, 
glucose and hexokinase ; —-+—+—, glucose, hexo- 
kinase and adenosine triphosphate; -—-4—A—, glu- 
cose, hexokinase, and adenosine diphosphate; 
—O—O—, glucose, hexokinase and adenosine mono- 
phosphate; —C)—(C)—, glucose, hexokinase, aden- 
osine monophosphate, and adenosine triphosphate. 


RELATIONSHIP OF LACTIC ACID PRODUCTION 
witn CO, EVOLUTION 


In an actively metabolizing system charac- 
terized by a well-balanced interplay of the 
glycolytic enzymes, the amount of CO, 
evolved from a bicarbonate buffer is quanti- 
tatively proportional to the amount of lactic 
acid formed. Whenever other acids besides 
lactic acid are being produced, or, con- 
versely, if acid equivalents are being re- 
duced, the evolution of CO, does not give 
an accurate measure of the extent of lactic 
acid formation. Under these conditions in 
order to measure the rate and extent of gly- 
colysis it is necessary to determine the lactic 
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acid chemically. From an examination of the 
relationship between lactic acid production 
and CO, evolution one may gain some in- 
sight into the mechanics and enzymic 
properties of the system. 

In the experiments with glucose without 
added phosphate the CO, evolution greatly 
exceeds the formation of lactic acid, while 
in the presence of added phosphate the two 
values are in good agreement. These obser- 
vations, together with the fact that the addi- 
tion of phosphate, arsenate, or myosin 
adenosine triphosphatase, after the reaction 
had slowed down, resulted in a marked in- 
crease in lactic acid production, suggested 
the operation of the Harden-Young effect. 
This is characterized, in this case, by the 
exhaustion of inorganic phosphate with the 
concomitant accumulation of acid equiva- 
lents in the form of hexosemonophosphate 
and hexosediphosphate without the equiva- 
lent formation of lactic acid. The subse- 
quent addition of phosphate directly or by 
its regeneration by adenosine triphosphatase 
or by its substitute, arsenate, permitted these 
hexose esters to metabolize further to pro- 
duce lactic acid. 

The situation with glucose-6-phosphate is 
somewhat different. In this case despite the 
presence of excess inorganic phosphate the 
evolution of CO, is more than twice as much 
as the formation of lactic acid. With the 
addition of adenosine diphosphate the in- 
creased formation of lactic acid now exceeds 
the amount of CO, evolved, the degree of 
excess depends upon the concentration of 
adenosine diphosphate added. With larger 
amounts of adenosine diphosphate the CO, 
evolution actually decreases. This was espe- 
cially true in the presence of the high con- 
centrations of adenosine monophosphate 
(twice that of adenosine diphosphate). Here 
both the lactic acid formation and CO, 
evolution rose rapidly in the first 10 minutes. 
As the reaction progressed, however, the 
lactic acid continued to be formed (fig. 3) 
while the evolution of CO, actually di- 
minished to zero and below. 


In the absence of added phosphate 
acceptor, adenosine diphosphate and adeno- 
sine monophosphate, it is presumed that 
further phosphorylated products of glucose- 
6-phosphate (probably fructose diphosphate 
and phosphoglyceric acid) begin to accumu- 
late as acid equivalents and generate CO,. In 
the presence of added adenosine diphos- 
phate or adenosine monophosphate these 
acid equivalents do not accumulate but the 
inorganic phosphate is taken up by the 


‘adenosine diphosphate or adenosine mono- 


phosphate to give adenosine triphosphate or 
adenosine diphosphate, respectively. Since, 
according to the Embden-Meyerhof scheme 
for every mole of lactic acid two moles of 
adenosine triphosphate are formed,* this 
net uptake of inorganic phosphate results 
in a decrease of acid equivalents that is not 
compensated by the formation of lactic acid, 
or by the subsequent hydrolysis of adenosine 
triphosphate. 


DISCUSSION 


In the normal course of the anaerobic 
metabolism of glucose by various tissues, the 
delicately balanced enzymatic integrity of 
the intact cells prevents the accumuiation of 
intermediary products, since these are 
readily transformed into the end product, 
lactic acid. For a closer knowledge of the 
component reactions as well as the nature of 
the enzymes involved in a complex series of 
metabolic events, it is necessary to disrupt 
the cellular organization by experimental 
means so that the normal co-ordination of 
the vital processes is interrupted. Thus, the 
preparation of a cell-free extract is one 
means of studying the intermediary metab- 
olism of the lens. 

The demonstration of the dependence of 
the rate of glycolysis upon the presence of 
inorganic phosphate indicated the relative 
deficit of the enzyme adenosine triphos- 


* This relationship was established for lens ex- 
tract in the following paper. 
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phatase which controls regeneration of in- 
organic phosphate according to the reaction, 


ATP’ ase 


ADP + HsPO.w 


Indeed, the exhaustion of inorganic phos- 
phate with the resulting slowing down of 
glycolysis could be counteracted by forti- 
fying the lens extract with myosin adenosine 
triphosphatase. In the presence of the latter 
there was established a steady rate of gly- 
colysis with the formation of lactic acid 
equal to that produced by the system forti- 
fied with inorganic phosphate. Enzymatic 
assay of the extract for adenosine triphos- 
phatase showed no measurable activity, al- 
though Zeller et al.,'" reported in rabbit lens 
homogenate the presence of adenosine tri- 
phosphatase capable of splitting 23.4 uM 
PO,/hr./g. fresh tissue. Our results also 
indicate that the splitting of adenosine tri- 
phosphate by any nonspecific phosphatase is 
neglible. 

Comparison of the rates of lactic acid 
formation from glucose-6- and 
fructose-O-phosphate, and glucose plus 
hexokinase that the glucose-6- 
phosphate is probably the first product of 
glucose metabolism and that the concen- 
tration of hexokinase in the lens preparation 
is the rate limiting factor. The accelerating 
effect of added adenosine diphosphate and 


glucose, 


indicates 


adenosine monophosphate again underscores 
the relative deficit of adenosine triphos- 
phatase activity which would give rise to the 
formation of adenosine diphosphate. Of 
course, in the presence of added hexokinase, 
the transphosphorylation from adenosine 
triphosphate to glucose generates adenosine 
diphosphate fast enough to provide sufficient 


phosphate acceptor to make additional 
adenosine diphosphate unnecessary. Under 
these conditions the rate of lactic acid 


formation from glucose plus hexokinase is 
equal to that from glucose-6- or fructose- 
6-phosphate and adenosine monophosphate. 

The identical behavior of  glucose-6- 
phosphate and fructose-6-phosphate suggests 


a rapid interconversion mediated by the en- 
zyme phosphohexoisomerase. It is also 
interesting to note that in a single experi- 
ment glucose-l-phosphate produced more 
lactic acid than did glucose. Whether glu- 
cose-l-phosphate or glucose-6-phosphate is 
the primary product of the phosphorylation 
of glucose remains to be established. In any 
event it would appear that the lens extract 
contains the enzyme phosphoglucomutase 
mediating the interconversion of these two 
phosphate esters. 


SUM MARY 

Cell-free extracts of lenses were prepared 
from the eyes of rabbits 20 to 30 days of 
age and weighing between 0.75 and 1.0 Ib. 
Their ability to form lactic acid under anae 
robic conditions was studied in a Warburg 
apparatus at 37°C. In the absence of added 
morganic phosphate the formation of lactic 
acid from glucose slowed down after about 
40 minutes. The initial rate could be pro- 
longed by fortifying the system with inor- 
ganic phosphate, either before or after the 
reaction had slowed down, or with arsenate 
or adenosine triphosphatase added after 60 
minutes of reaction. 

Increased amounts of lactic acid were 
formed when glucose-6-phosphate, fructose- 
6-phosphate, or glucose-l-phosphate were 
substituted for glucose. The addition of 
hexokinase very markedly increased the 
formation of lactic acid, considerably ex- 
ceeding that produced by the hexosephos- 
phates. By supplementing the latter with 
adenosine diphosphate or adenosine mono- 
phosphate the rate and extent of lactic acid 
produced was equal to that from glucose 
plus hexokinase. The limiting factors in the 
rate and extent of glycolysis by lens extract 
were inorganic phosphate, 
adenosine triphosphatase and hexokinase. 
The lack of correlation between the evolu- 
tion of CO, from bicarbonate and the forma- 
tion of lactic acid was discussed. 


shown to be 


1601 Spring Garden Street (30). 
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ANAEROBIC CARBOHYDRATE METABOLISM OF THE 
CRYSTALLINE LENS* 


Il. FRUCTOSE DIPHOSPHATE 


Harry Green, Caron A. 
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In Part I’ of this series evidence was 
presented to show that the relative deficits 
of hexokinase and adenosine triphosphatase 
in lens extract were limiting factors in the 
production of lactic acid from glucose and 
glucose-6- and fructose-6-phosphate. When 
the glucose system was fortified with hexo- 
kinase and inorganic phosphate and the 


*From the Research Department, Wills Eye 
Hospital. This work was supported in part by a 
grant-in-aid from the National Council to Combat 
Blindness. 


hexosemonophosphate system fortified with 
phosphate acceptor, adenosine diphosphate or 
adenosine monophosphate, increased quanti 
ties of lactic acid were formed, This report 
describes the anaerobic metabolism of 
fructose diphosphate by lens extract. 

The preparation of the lens extract has 
already been described. The materials, pro- 
cedures, and experimental techniques were 
the same as previously deseribed. In addi 
tion the barium salt of fructose diphosphate 
(Schwarz laboratories), 98-percent pure by 
analysis with zymohexase,* was used. 
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RESULTS 


When fructose diphosphate was incubated 
with lens extract, with or without added 
inorganic phosphate, the evolution of CO, 
was considerably faster and greater than the 
corresponding formation of lactic acid (fig. 
1). The addition of 1.0 mg. diphosphopyri- 
dine nucleotide had no measurable effect 
upon either process. The addition of 
adenosine triphosphatase, on the other hand, 
increased the initial rate and overall extent 
of evolution of CO,, and, after an initial 
slow period of 30 minutes, markedly in- 


creased the initial rate and overall formation 
of lactic acid to equal that of the evolution 
of CO,. Indeed, after 60 minutes it is ap- 
parent from Figure 1 that the rate of lactic- 
acid formation is faster than the rate of 
CO, evolution so that over a longer period 
of time the lactic acid formation may even 
exceed the CO, evolution.* 


*In a well-balanced enzymic system the metabo- 
lism of fructose diphosphate to lactic acid results 
in a measurable increase in the pH of the reaction 
mixture.” This causes a retention of some CO, 
and is reflected in the quantity of lactic acid de- 
veloped exceeding the amount of CO, liberated. 


Moles 
| 


% 


Minutes 
Fig. 1 (Green, Bocher, and Leopold). Metabolism of fructose diphosphate in the presence of added 


adenosine triphosphatase. 


Main compartment : 0.4 ml. adenosine triphosphatase, 0.5 ml. isotonic KC]-NaHCO,. Side-arm 1: 0.1 ml. 
fructose diphosphate (final concentration, 6x10°M) ; 0.05 ml. CaCl, (final concentration, 1.06 10°M) ; 
0.05 ml. 0.1M PO, (final concentration, 2.94 10°M) ; 0.05 ml. 0.031M NaHCO,; 0.05 ml. H,O. Side-arm 


2: 0.5 ml. extract. T.V., 1.7 ml. 
Side arm contents tipped in at 0 minutes. 


—O—O—, COs production; --@—@~—. lactic acid production, no adenosine triphosphatase. 


—A—A—, COs production ; - 


A-—A-—, lactic acid production, with adenosine triphosphatase. 
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That the formation of lactic acid from 
fructose diphosphate by lens extract de- 
pended essentially upon the presence of 
sufficient amounts of suitable phosphate ac- 
ceptor is supported by the results in Table 1. 
It is clear that both adenosine monophos- 
phate and adenosine diphosphate caused a 
marked increase in the production of lactic 
acid. The addition of 667 * 10°M of 
creatine had no effect either upon the CO, 
evolution or lactic acid formation. Also the 
presence of | X 10°M dinitrophenol was 
without effect. 

According to the classical Embden- 
Meyerhof scheme of anaerobic carbohydrate 
metabolism, when one mole of fructose 
diphosphate undergoes anaerobic metab- 
olism, two moles of lactic acid are formed 
accompanied by the generation of four 
moles of adenosine triphosphate or 7’P and 
the disappearance of two moles of inorganic 
phosphate. This correlation for lens me- 
tabolism is given in Table 1 under Ratio. 

The value of lactic acid was taken as one 
and compared with the values of the in- 
organic phosphate disappeared and the 7’P 
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generated. In the first 30 minutes the disap- 
pearance of inorganic phosphate and the 
generation of 7’P were larger in proportion 
to the formation of lactic acid. After 60 
minutes the ratio between lactic acid and 
7’P was 1:2.2 with adenosine monophos- 
phate and 1:1.9 with adenosine diphosphate. 
The inorganic phosphate disappearance 
however, was still relatively high. 

After 120 minutes, in the case of 
adenosine monophosphate, the ratios of 
1 :1.9:1.3, respectively, for lactic acid, 7’P, 
and inorganic phosphate were obtained in 
good agreement with the Embden-Meyerhof 
scheme. In the case of adenosine diphosphate 
similar ratios were obtained, although the 
value given for 7’P may be low. 

Attempts were made to determine the ex- 
tent of disappearance of fructose diphosphate 
by the zymohexase method. Because of 
the relatively high concentration of inor- 
ganic phosphate and the small amount of 
fructose diphosphate remaining, the analy- 
ses were inaccurate. The correlation between 
the disappearance of fructose diphosphate 
and the formation of lactic acid was deter- 


TABLE 1 


CORRELATION OF THE FORMATION OF LACTIC ACID WITH THE GENERATION OF 7°P AND THE DIS- 
APPEARANCE OF INORGANIC PHOSPHATE DURING THE METABOLISM OF FRUCTOSE DIPHOSPHATE 


Time Inorg. P. 
Additions 
Mins. uM uM 
ns 0 (48.10) (7.74) 
3.93 ~1.96 
120 3.29 ~2.62 
AMP 0 (48. 30) (7.70) 
9 60 16.40 
13.80 18.90 
120 16.50 23.30 
ADP 0 (47 .50) (30.0) 
9.70 12.8 
60 11.00 11.5 
120 12.2 


10.70 


Lactic Acid Ratio 
Lacti 
uM Inorg. p Acid 
(5.43) 
0.31 
1.64 
(6.78) 
5.75 1.7 2.9 1.0 
O60 1.6 2.2 10 
12.40 1.9 10 
(5.23) 
4.78 2.0 1.0 
6.20 1.8 1.9 10 


Main compartment; 0.5 ml. extract; 0.5 ml. isotonic KCI-NaHCO,; 0.1 ml. HO. 


Side-arm: 0.1 ml. FDP (final concentration, 3.33 10°*M); 0.15 ml. 0.1 M PO, (final concentration, 
1.3310°*M); 0.1 ml. ADP (final concentration, 6.67 10-*M): 0.1 ml. AMP (final concentration, 1.44 
x 10°*M); 0.05 ml. 0.031 N NaHCO, Side-arm contents tipped in at 0 min. T.V., 1.5 mi. 

* These values were not corrected for the quantity of 7'P disappearing with the metabolism of fructose 
diphosphate, 30 percent of whose organic phosphate is hydrolyzed in seven minutes. 
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TABLE 2 
METABOLISM OF FRUCTOSE DIPHOSPHATE IN THE PRESENCE OF ARSENATE. CORRELATION OF LACTIC ACID 
PORMATION WITH THE DISAPPEARANCE OF PRUCTOSE DIPHOSPHATE, EVOLUTION 


or COs AND INCREASE IN 


lime COs FDP-P 

Mins uM uM 
30 18.0 23.1 
60 21.6 22.8 
90 22.7 22.6 


Side-arm: 0.1 mil. FDP (final concentration, 3 


mined in the absence of added inorganic 
phosphate but in the presence of A,O,. 

The results in Table 2 show clearly the 
excellent agreement between the lactic acid 
developed, the CO, evolved,* the fructose 
diphosphate disappeared, and the inorganic 
phosphate formed. With regard to the latter 
it must be remembered that in the presence 
of arsenate, the phosphate of fructose di- 
phosphate ends up finally as inorganic phos- 
phate, rather than as 7’P.* 


DISCUSSION 


In evaluating whether a presumed sub- 
strate lies on the main pathway of glucose 
metabolism by lens extract, it is apparent, 
from this study, that unless the enzyme sys- 
tem is supplemented with proper cofactors, 
incorrect conclusions may be drawn. Thus 
the relatively slight ability of fructose di- 
phosphate to give rise to lactic acid may be 
construed as indicating that fructose diphos- 
phate is not an intermediary in lens metab- 
olism, On the contrary, the high rate of lactic- 
acid formation in the presence of suitable 
phosphate acceptor demonstrated that fruc- 
tose diphosphate is quite likely a definite me- 
tabolite in the utilization of sugar by the 
lens. This dependence upon the presence of 
adenosine diphosphate or adenosine mono- 


* The average ratio of lactic acid formed to CO, 
evolved in the metabolism of fructose diphosphate 
in the presence of A,O, was 1.3, in 12 experiments 
and for different time periods. Meyerhof* obtained 
a value of 1.24 with brewers’ yeast. 


Main compartment; 0.5 ml. extract; 0.5 ml. isotonic KCL-NaHCO,; 0.2 ml. H,O. © 
110°°M); O.15 ml. AgO, 
2.08 X 10~*M); 0.05 ml, 0.031 N NaHCO. Side-arm contents tipped in at 0 min. T.V., 1.5 


INORGANIC PHOSPHATE 


— 


Lactic Acid 


Inorg. P 
uM uM 
19.4 17.3 
25.5 24.0 
27.0 24.0 


(final concentration, 
mil. 


phosphate together with the demonstration 
that in the presence of A,O, the production 
of lactic acid was completely dissociated 
the uptake of inorganic phosphate 
pointed to the relative deficit of adenosine- 
triphosphatase activity in lens extract, con- 
firming the findings in Part I of this series. 

This study has shown that a stoichio- 
metric relationship exists between the me- 
tabolism of fructose diphosphate and the 
production of lactic acid, the generation of 
high energy phosphate bonds and the uptake 
of inorganic phosphate. Although the pres- 
ence of labile phosphate or adenosine di- 
phosphate and adenosine triphosphate has 
been demonstrated” * in the crystalline lens 
and the uptake of P* by intact lenses led to 
an increase in labile phosphorus,” *° this 1s 
the first demonstration that the metabolic ac- 
tivity of the crystalline lens gives rise to the 
generation of high energy phosphate bonds 
and that these two processes are quantita- 


from 


tively related. 

The results so far obtained are in accord 
with the glycolytic scheme of Embden and 
Meyerhof and suggest that the anaerobic 
utilization of glucose by lens extract follows 
a pathway essentially similar to that de 
scribed for yeast, muscle, and other mam- 
malian tissues. 

Nordmann and Mandel’ and Frohman 
and Kinsey*® have reported the presence of 
creatin phosphate in animal lenses, and the 
latter authors suggest that this is the form 
in which the high energy phosphate of 
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adenosine triphosphate may be stored in the 
intact lens. In our experiments with lens 
extract creatin had no effect upon the lactic 
acid formation in the metabolism of fructose 
diphosphate and, therefore, could not act as 
a phosphate acceptor under these conditions. 
It would appear, therefore, that creatin 
phosphorylase, the enzyme that mediates the 
transfer of phosphate from adenosine tri- 
phosphate to creatin, was absent in our lens 
extract. 

The relatively large evolution of CO, 
compared with the formation of lactic acid 
that occurred in the metabolism of fructose 
diphosphate in the absence of phosphate ac- 
ceptor was probably due to the accumulation 
of an acid other than lactic. The probability 
that this may be phosphoglyceric acid is 
being investigated. 

In the experiment with added agenosine 
triphosphatase the initial lag in the produe- 
tion of lactic acid during the first 30 minutes 
can be ascribed to the time necessary to 
generate sufficient phosphate acceptor, aden- 
osine diphosphate. 


SUM MARY 


The anaerobic metabolism of fructose 


diphosphate by an extract of rabbit lens was 


i 


studied. Fructose diphosphate, with or with- 
out added inorganic phosphate, formed very 
little lactic acid. In the presence of a suit- 
able phosphate acceptor, adenosine diphos- 
phate or adenosine monophosphate, con 
siderable quantities of lactic acid were 
produced. 

Similar results were obtaimed in the pres- 
ence of muscle adenosine triphosphatase or 
arsenate. When fructose diphosphate was 
fortified with adenosine di- or monophos- 
phate, the production of one mole of lactic 
acid was accompanied by the generation of 
two moles of seven-minute phosphorus and 
the uptake of one mole of inorganic phos- 
phate. In the presence of arsenate a rapid 
production of lactic acid occurred and a 
stoichiometric relationship was shown to 
exist between the fructose diphosphate me 
tabolized and the lactic acu produced, the 
inorganic phosphate liberated and the CO, 
evolved. 

The results are mm accord with the gly- 
colytic scheme of Embden and Meyerhof 
and suggest that the anaerobic utilization of 
glucose by lens extract follow a pathway 
that for 
yeast, muscle, and other mammalian tissues. 

1601 Spring Garden Street (30). 


essentially similar to described 
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DISCUSSION 


De. Jouw Hares: In some of our work on 
cation imbalance we have been able to demonstrate 
that adenotriphosphate in particular seems to have 
quite a toxic influence so far as our measure of 
tissue viability is concerned. In other words, in the 
presence of even quite low concentrations of adeno- 
triphosphate we found a depression of the cation 
concentrating mechanism. 

One of the things we observed to negate this 
depression—that is, to overcome the inhibition of 
the cation concentrating mechanism—was a rela- 
tively high glucose level. I wonder whether Dr. 
Dische has anything that would help us out in that 
respect, whether he has observed any quantitative 
relationship between the utilization of glucose and 
various concentrations of adenotriphosphate. 

I would like to ask Dr. Green whether he has 
tried insulin in some of his lenticular homogenates. 
You will recall that in its presence Ross, in Eng- 
land, was able to demonstrate a greater uptake of 
glucose from the media in the decapsulated but not 
necessarily homogenized tissue. 

Da. Zacnanias Discue: Dr. Harris asked about 
the correlation between adenotriphosphate concen- 
tration and glucose. I can only say that we also tried 
much higher concentrations of adenotriphosphate- 
10 times as much as there were here. There was no 
influence whatever. In very much higher concen- 
trations the effect was almost the same as in the 
low concentrations. 

On the other hand, the degree to which adeno- 
triphosphate preparation was broken down was ir- 
regular and erratic—apparently it depends upon the 
care with which the capsule is stripped off. There is 
probably a very great increase of the adenotriphos- 
phate activity when the capsule is stripped off, be- 
cause there are certain structural changes in the 
capsule which activate either the transference rela- 
tions or the adenotriphosphate. 

It would seem that adenotriphosphate would 
rather depress the active cation transport. It may be 
due to some specific effect of adenotriphosphate on 
the proteins, which can be expected to a very high 
degree. 

I am very much impressed by the elegance of the 
experiments of Dr. Green and this equivalence of 
phosphate, lactic acid, carbon dioxide, and adenotri- 
phosphate. 

I would like to say I did not understand whether 
this was done on the whole lens or on homoge- 
nates. 

Also, I would like to ask Dr. Green how he ex- 
plains that in his experiments the glucose-6-phos- 
phate had a higher rate of turnover than glucose 
itself, although the amount of the phosphate acceptor 
is the limiting factor, and particularly as monophos- 


phate is apparently a better acceptor in his experi- 
ments than is adenotriphosphate. 

Under these circumstances we would expect that 
glucose would create more acceptors than glucose-6- 
phosphate, and for this reason the rate of the turn- 
over with glucose would be higher than glucose-6- 
phosphate, because monophosphate appears as a 
better aceptor. That is rather unusual. 

I would not think this would be the case in gen- 
eral. I would think adenodiphosphate would be the 
better acceptor than the adenotriphosphate. In his ex- 
periments, adenodiphosphate was better than adeno- 
triphosphate. Without a complete analysis of the 
balance, of how much adenodiphosphate was used, I 
wonder how you can reconcile these findings with 
the fact that the amount of the phosphate acceptors 
is the limiting factor in the experiments. 

Da. Harry Green: Thank you, Dr. Dische, for 
your fine remarks. We used cell-free extracts of 
the entire lens, capsule and all. They were adjusted 
to a pH of 7A. 

As to the difference between glucose and glucose- 
6-phosphate, the limiting factor is not the phosphate 
acceptor but the relative deficit of hexokinase in 
the lens extracts, so that in the presence of added 
hexokinase glucose will produce lactic acid con- 
siderably faster and to a greater extent than that 
produced by glucose-6-phosphate. 

In this case, in the presence of hexokinase, there 
occurs a very rapid phosphorylation of glucose, 
which produces a considerably larger amount of 
phosphate acceptor in a relatively short period of 
time. The result is a higher concentration of 
phosphate acceptor than originally present in lens 
extract. 

If the phosphate acceptor is added to the glucose- 
6-phosphate system, the two rates become equal 
The limiting factor is, therefore, not the adenosine 
diphosphate, but the hexokinase. Once hexokinase 
is present, however, then the limiting factor is the 
phosphate acceptor. 

It is true that we have found that adenosine 
monophosphate is a relatively more efficient phos- 
phate acceptor than the adenosine diphosphate. I 
don’t agree that this observation is rather unusual ; 
but, be that as it may, it would suggest to us that 
the phosphorylase enzyme responsible for the up- 
take of phosphorus by adenosine diphosphate is 
perhaps less active than that responsible for the 
phosphorylation of adenosine monophosphate. That 
remains to be established. 

With regard to the inhibitory properties of 
adenosine triphosphate observed by Dr. Harris, 
we have found that an excess of adenosine tri- 
phosphate inhibited glycolysis in the presence of 
added hexokinase. 


AN EVALUATION OF INTRAOCULAR STREPTOKINASE* 


James F. O'Rourke, M.D. 
Bethesda, Maryland 


The identification of the fibrinolytic 
enzyme activator, streptokinase, was an 
ougrowth of research efforts in the field of 
bacterial exotoxins. Early in their investiga- 
tions of hemolytic streptococci, Tillet and 
his coworkers*”’ observed that broth cul- 
tures of the organisms could cause rapid 
lysis in fibrin clots of human blood. This 
lytic property was found to be extracellular 
and to be secreted into the culture medium 
during growth, by the organism.”* Isolation 
and assay of the principle soon followed and 
the name streptokinase was assigned by 
Christensen.* 

Among the animal blood types tested in 
early experiments, only clots of human fi- 
brin appeared susceptible to liquefaction by 
the streptococcal principle. Thus it was that 
studies were undertaken to identify a human 
serum factor necessary to the streptokinase 
fibrinolysis reaction, the absence of which 
precluded any such reaction. 

The existence of such a factor was con- 
firmed by Milstone*® who detected its pres- 
ence in the euglobulin fraction of human 
plasma. It is interesting to note that the 
existence of his euglobulin factor in human 
blood had been demonstrated some years 
earlier and its fibrinolytic function dis- 
cussed, 


Dastre,'' for example, noted dissolution 


of human clots immersed in human serum 


for 18 hours: this was in 1893. In 1903, the ~ 


fibrinolytic activity of human serum was 
shown to be increased in addition of chloro- 
form.** The following year, Hedin, and 
others, showed this autofibrinolytic activity 


* From the Department of Research of the Wills 
Eye Hospital. Thesis submitted to the faculty of 
the Graduate School of Medicine of the University 
of Pennsylvania toward the requirements for the 
Degree of Master of Medical Science (M.Sc 
(Med.)) for graduate work in ophthalmology. 


of human blood was a function of the eu- 
globulin fraction of the serum.**""" 

More recent attempts to assay this euglob- 
ulin factor have confirmed its enzymatic 
nature. The inactive form has been named 
plasminogen by Christensen. When acti 
vated the enzyme is called plasmin. The fol- 
lowing reaction sequence involving the acti- 
vator substance, streptokinase and the serum 
enzyme, plasminogen, has been postulated :* 

1. Plasminogen is the inactive form of an 
enzyme capable of causing fibrinolysis. 

2. Streptokinase changes plasminogen 
rapidly and completely to an active form 
plasmin. 

3. Plasmin then catalyzes the fibrinolysis. 

Subsequent studies of the chemical nature 
and purity of streptokinase demonstrated 
the presence of a desoxyribonuclease (called 
streptodornase, by Christensen” ), hyaluront- 
dase, and antienzyme factors in significant 
quantities." It is not available as a purihed 
preparation. Effects of its impurities are 
greater in high concentrations of strepto- 
kinase.® 

Although many other physical, chemi- 
cal and pharmacologic agents have exhibited 
similar properties,” none pos- 
sesses the efficiency of streptokinase in this 
regard, 

Selye** asserts that activation of a fibrino- 
lytic blood principle by so wide a variety of 
stimuli shows the activation to be a manifes- 
tation of stress response in the human or 
ganism. The striking parallelism between the 
severity of many rheumatic-type diseases 
and the antifibrinolytic activity of the sera 
is sighted by many to support this posi- 
tion.” 

It is felt that the antigenic response to 
streptokinase is part of this same picture." 

Also of significance in this regard is the 
increase of the antiphlasmin activity of hu 
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man serum after administration of ATCH 
or cortisone.** 

The recognition of a plasmin fibrinolytic 
factor and anti-enzyme plasmin inhibitors 
as balancing components of the blood pro- 
teolytic system greatly facilitates an ap- 
proach to the problem of fibrinolysis in 
vivo.” Although the nature of such antien- 
zyme factors is as yet unknown their pres- 
ence is certain.” ** 

Streptokinase has been employed to 
aid in lysis and removal of fibrin com- 
pounded exudate from many of the body 
areas,** 4 "Treatment method and 
periodicity have varied with the size and 
location of the site considered, The need for 
surgical drainage has not been obviated, 
however, and aspiration is often required in 
dealing with closed or semiclosed cavities. 

Because the presence of suitable substrate 
in the form of clotted blood is seen clinically 
in patients with complicated hyphema, the 
role of intraocular streptokinase has come 
under consideration. The manner of action 
of the agent and the contemplated locus of 
employ make the following factors seem 
pertinent : 

1. The anterior chamber represents a 
semiclosed space constructed of highly spe- 
cialized and sensitive tissues. It is contantly 
perfused by aqueous humor which will serve 
to dilute and to remove by flow or diffusion 
many water soluble agents introduced. 

2. The degree of fibrinolytic activity in a 
given area is proportional to the concentra- 
tion of activated serum plasmin and not to 
the streptokinase concentration. An excess 
of the latter component assures only max}- 
mal rate of activation of available serum 
plasminogen.* 

3. The time required to effect fibrinolysis 
of a clot mass is dependent upon the con- 
centration of substrate fibrin and active 
plasmin.” The relationship of fibrinoly- 
sis time to the proportion of these two sub- 
stances is as a straight line graph." 

4, Contact of substrate with streptokinase 
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must obtain for sufficient time to permit 
activation of available plasminogen.* Factors 
of contact time and surface area thus be- 
come significant. 

5. As presently available, streptokinase is 
not a pure preparation. The impurities pres- 
ent are more active in higher concentrations 
of the streptokinase preparation." 

Several of the foregoing limitations are 
unique to a consideration of the anterior 
chamber. Other body areas which permit of 
larger clots and easier access to serum ele- 
ments would less likely present the possi- 
bility of incomplete fibrinolysis. 

In an effort to study the relative im- 
portance of these factors the investigation 
of intraocular behavior of streptokinase was 
undertaken in the following sequence: 

Section and Methods: 
Standardization of analyses methods. 

Section Il. Studies of ocular tolerance to 
streptokinase. 

Section II1. Duration of activity studies, 

Section LV. Studies of anterior chamber 


I. Procedures 


antistreptokinase activity. 
Section V. Studies of treatment of ex- 
perimental lesions. 
Section VI. Discussion and summary. 
Section VII. Conclusions. 


Section |. Procepures AND Metuops 


It is the purpose of this section to present 
in adequate detail the methods of animal 
surgery and biochemical assay employed in 
this study. The sequence is as follows: 

1. Preliminary in vitro studies of whole 
blood clots 

A. Preparation of standard clots 

B. Effect of clot composition on strepto- 

kinase fibrinolysis 

C. Effect of temperature on fibrinolysis 

in vitro 
2. Description of preparations for animal 
injection 

A. Anesthesia: General, surface, and lo- 

cal 

B. Preoperative and postoperative care 


3. Description of lesion production, treat- 
ment and aqueous recovery 
A. Simple hyphema 
B. Secondary glaucoma 
C. Streptokinase and saline injections 
D. Simple paracentesis 
4. Biochemical assay methods 
A. Drugs and solutions used 
Bb. Fibrinolysis time, streptokinase 
C. Fibrinolysis time, plasmin 
1). Clot inhibition test 
lk. Antistreptokinase testing method 


1. Preliminary in vitro studies of whole 
blood clots 


The following studies were done to aid in 
the selection of a proper substrate for use 
in lesion production. Previous investigations 
have that 


more rapidly in human blood clots than im 
| 10, 20 


indicated fibrinolysis proceeds 


those of animal bloo« 


A. PREPARATION OF STANDARD CLOTS 


Five cc. of whole blood was placed im a 
small test tube of 1.5 cm. and 1.0 ce. of 
bovine thrombin in concentration of 200 
units per cc. was added. Prompt and re- 
peated the tube 
thorough mixture of contents prior to clot- 


inversion of assured 
ting. The tube is then placed in an ice water 
bath ‘for five minutes to allow firm clotting. 
The clot, when removed by loosening the 
edges gently with a wire loop, forms a cast 
of the tube bore. This was placed on a clean 
dry glass surface and promptly cut with iris 
scissors into wafers of 0.5 em. thickness. 
With the aid of a glass rod the clots were 
directed into the individual test tubes in the 
water bath as required. 
lresh clots were prepared for each series 
of human 
blood, human plasma, and of rabbit blood 
were used throughout this section of the 
study. In this way factors of surface area 
and of plasminogen content remained uni- 
form. 
‘In this manner three clot types were pre- 


of tests and constant sources 
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pared using human blood, rabbit blood, and 
rabbit blood mixed with an equal volume 
of human plasma. 


BR. OF CLOT COMPOSITION ON STREP 
TOKINASE FIBRINOLYSIS 


Each of the three clot types was then 
tested as follows: 

Fifteen Kahn-type test tubes contaimimg 
each O.1 cc. of freshly prepared strepto 
kinase solution were immersed in the water 
bath to a depth of two inches. Five differ 
ent dilutions in range of 5,000 units per ce. 
to 50,000 units per cc. were employed and a 
temperature of 37°C. was constant in the 
water bath. Three control tubes each con- 
taining O.1 cc. of normal saline were im 
mersed simultaneously. 

Each of the three clot types described was 
incubated with different dilutions of 
streptokinase solution. Dissolution 
when tube 
owed freely and introduction of a glass rod 
The 
were flooded with water when the 
presence of any particulate matter was sus- 
pected. 


live 
was 
taken as completed contents 
showed no solid matter remaining. 
tubes 


Results shown in Table 1, indicate that 
clots of rabbit blood and those of mixed 
composition are poorly lysed. Whole human 
blood proved the most susceptible of the 
substrate materials tested and was used in 


further vivo tests. 


C. OF TEMPERATURE ON FIBRINOLY- 

SIS IN VITRO 

As with many enzyme factors, so with 
streptokinase, an increase in temperature ts 
held to merease enzymatic activity within 
specific limits of range. Preliminary studies 
on temperature effect were done in a manner 
similar to that described above in Section 
B. 

Freshly prepared human clots were used 
in each of four series conducted at tempera 
tures of 37°, 40°, 43°, and 45°C., respec- 
tively. Eighteen test tubes, three as controls 
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TABLE 1 
PRELIMINARY STUDY: RELATIVE SUSCEPTIBILITY OF CLOTS OF HUMAN 


Streptokinase Rabbit 
Concentration Blood 
Units/cc. 
Hours 
50 ,000 14 
25 ,000 23 
15,000 16 
10,000 29 
5,000 Neg. at 
48 
Control 


and 15 containing streptokinase in concen- 
tration range from 5,000 units per cc. to 
50,000 units per cc., comprised each series. 

Results, as shown in Chart 1, indicated a 
definite reduction in time of clot dissolution 
coincident with an increase of incubation 
temperature. Inactivation of streptokinase 
has been shown to occur above a tempera- 
ture of 50°C. Body temperature elevation to 
this range is not feasible. Subsequent at- 
tempts at induction of fever in rabbits were 
not successful in our hands. 


2. Description of preparations for animal 
injection 

A. ANESTHESIA: 
LOCAL 


GENERAL, SURFACE, AND 

General anesthesia was reserved for those 
methods of lesion induction and treatment 
where accuracy demanded complete animal 
control. This was especially true of those 
procedures of anterior chamber injection 
wherein loss by regurgitation had to be 
minimized. The anesthesia employed was 
Pentobarbital sodium containing 60 mg. of 
barbiturate per cc. This was diluted to a 
volume of at least 1.0 cc. and injected slowly 
via the marginal ear vein, during a period of 
no less than two minutes. When dilution to 
attain the 1.0 cc. volume minimum was re- 
quired, sterile normal saline solution was 
added. 

Rapid injection or use of too concentrated 
a solution resulted in anesthetic deaths, 


Time Required for Lysis of Clots 


Negative at 48 hr. 


AND RABBIT BLOOD TO FIBRINOLYSIS 


Rabbit Blood and 
Human Serum 


Blood 


| Human 


Minute | Hours 
55 4 
89 84 
187 6 
8 hr. 14 


especially in animals of body weight below 
1,500 gm. Adult rabbits in weight range of 
1,200 to 2,000 gm. were used in subsequent 
series. Following induction of anesthesia 
animals were placed in rabbit boxes with 
heads erect. Periodic irrigation of exposed 
corneas was maintained. 

Local anesthesia was reserved for such 
procedures as paracentesis wherein complete 
control was not as difficult to maintain. 
After irrigation with 1:10,000 Metaphen 
solution, a sterile solution of one-percent 
tetracaine hydrochloride was instilled into 
each conjunctival sac. When aided by good 


Time ( 


0'SSOLUTION 


° 


o4 
UNITS/cc 


Chart 1 (O'Rourke). Effect of temperature and 
of streptokinase concentration on in vitro dissolu- 
tion of prepared clots. 
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manual control of the animal head, this 
method proved adequate for such proced- 
ures. 

When an animal proved unmanageable 
with surface anesthesia, a retrobulbar injec- 
tion of 0.5 cc. of a 2.0-percent procaine 
solution was given. Injections were per- 
formed with a 2l-gauge needle which was 
inserted into the retrobulbar space through 
the inferior nasal cul-de-sac. Ready access 
to this area was afforded by preliminary 
proptosis of the globe. This was effected 
by pressure with the angled edge of a muscle 
hook, beneath the globe. 


B. PREOPERATIVE AND POSTOPERATIVE CARE 


1. Control of septic factors was obtained 
by sterilizing all instruments, syringes, and 
needles in boiling water for 30 minutes. 
These were then immersed in a solution of 
Zephiran chloride immediately before use. 

2. All rabbit eyes consigned for intraocu- 
lar procedures received a thorough irriga- 
tion with a 1:10,000 Metaphen solution. 
This was repeated in 10 minutes. The sec- 
ond flush was followed in 10 minutes by 
irrigation of these areas with sterile saline. 
In cases of general anesthesia where corneal 
exposure was a factor periodic irrigation 
with sterile saline was done. 

3. After any procedure done under gen- 
eral anesthesia, a median tarsorrhaphy was 
performed and 1:10,000 Metaphen oint- 
ment was instilled into the lower cul-de-sac. 
Animal recovery was then allowed to pro- 
ceed in animal boxes designed to hold heads 
erect. When recovery was completed sutures 
were removed and complete irrigation with 
1:10,000 Metaphen solution and saline was 
done. With the above methods significant in- 
fection loss of rabbit eyes was held to less 
than two percent of 300 rabbits used. 


3. Description of lesion production, treat- 
ment, and aqueous recovery 
A. SIMPLE HYPHEMA 


Well-anesthetized, adult rabbits were 
placed on sterile towels until needed. Both 


eyes were flushed and irrigated. When ready 
for injection, they were placed on a board 
covered with a sterile towel and the lids 
retracted manually by a gloved assistant. 

Human blood was drawn into a sterile 
10-ce. syringe from the antecubital vein of a 
constant donor and at once placed in a 
sterile dry test tube. Without undue delay, 
this was drawn into dry, sterile tuberculin 
syringes, to the level of 0.25 cc., and handed 
to the operator by an assistant. 

A puncture of the perilimbal bulbar con- 
junctiva, beginning about three mm. from 
the nasal limbus, was made with a 26-gauge 
needle on a sterile, dry tuberculin syringe. 
The needle was directed to the limbal area 
at which point the anterior chamber was 
entered. A paracentesis was done slowly and 
yielded from 0.2 cc. to 0.25 ce. of clear aque- 
ous. 

Promptly, a syringe containing human 
blood was substituted at the adapter end of 
the needle and 0.2 cc. injected into the an- 
terior chamber. The needle was gently with- 
drawn as the puncture was covered with a 
sterile cotton sponge soaked in_ bovine 
thrombin solution in concentration of 500 
units per cc. 

With well-anesthetized animals, it was 
found possible to inject between 16 and 20 
eyes before coagulation of the blood speci- 
men occurred. When human plasma was 
injected a similar technique was employed in 
later series. 


B. SECONDARY GLAUCOMA 


This lesion type was induced by the in- 
jection of 0.1 cc. of whole human blood, 
after which a syringe containing 0.5 cc. of 
bovine thrombin solution was substituted 
and the contents barbotaged three times to 
achieve mixture prior to coagulation. A 
thrombin concentration of 500 units per ce. 
of solution was used. Coagulation of injected 
matter was prompt and resulted in many 
glaucomatous eyes. Spontaneous rupture of 
these globes occurred frequently after 48 
hours. Only the most gentle handling of 
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such eyes prevented rupture at the limbal 
area. For this reason new sharp 26-gauge 
needles of one-half inch length were favored 
for injection and aspiration procedures in 
this section. 


C, STREPTOKINASE AND SALINE INJECTION 


Regurgitation loss was a significant dan- 
ger in this section also. Because of this, 
general anesthesia was used. Ten adult rab- 
bits were inducted for each series at one 
time. Best retention of noncoagulable solu- 
tions such as these was obtained when an 
oblique transcorneal puncture was used. 

With lid retraction and forceps fixation 
at the superior rectus insertion, the puncture 
was begun two mm. inside the superior nasal 
limbus and continued laterally at an angle 
of about 30 degrees below the horizontal 
until the anterior chamber was entered. The 
aqueous- was aspirated into a dry, sterile 
syringe which was then disengaged from the 
needle. A second sterile syringe containing 
0.2 ce. of the solution for injection was 
inserted into the needle and the injection 
completed. As the needle was withdrawn the 
puncture site was covered with a thrombin 
soaked sponge, to offset regurgitation loss. 


D, SIMPLE PARACENTESIS 


Recovery of aqueous specimens by para- 
centesis for study of enzyme activity was 
accomplished under local anesthesia. A peri- 
limbal puncture with a 26-gauge needle was 
employed with aseptic precaution as de- 
scribed. 


4. Biochemical assay methods 


Testing methods for presence of strepto- 
kinase activity are based on two of its pro- 
perties. 

a. Ability, at body temperature, to effect 
the rapid conversion of plasminogen to 
plasmin, as manifested by lysis of fibrin 
present. 

b. Ability to act upon fibrinogen in such 
a way as to prevent its subsequent coagula- 


tion despite addition of excess thrombin. 

A 0.25-percent solution of bovine fibrino- 
gen was used as a constant testing substrate 
of uniform clottable protein content. Fresh 
solutions were prepared for each series of 
tests. This was done to avoid the precipita- 
tion caused by temperature changes on 
standing. 

Tests performed on this fibrinogen sub- 
strate were in reality tests for the presence 
of plasmin. Thus when testing for free 
streptokinase, it was necessary to permit 
preliminary incubation of the sample with 
an aliquot of human plasma for 30 minutes. 
The presence of free streptokinase within 
body fluid could be detected best by a 
demonstration of its ability to activate hu- 
man plasminogen. Then the activity of this 
activated plasma sample is tested on the 
bovine fibrinogen substrate. 

This added step was necessary because 
direct mixture of streptokinase solution with 
bovine fibrinogen when followed by coagu- 
lation with thrombin did not result in effec- 
tive fibrinolysis of the substrate. This is be- 
cause of the previously described reduced 
effectiveness of streptokinase fibrinolysis on 
animal plasma, in the absence of human 
plasmin factor.’**° Constant sources of hu- 
man plasma, fibrinogen, and streptokinase 
have maintained in all series done for com- 
parison. 


A. DruGs AND SOLUTIONS USED 


Streptokinase. This was supplied by 
Lederle Laboratories as Varidase in 30-ce. 
vials. Each contained in powdered form 
100,000 units of streptokinase and 25,000 
units of Unmeasured 
amounts of hyaluronidase, streptolysin ©, 
streptolysin S, ribonuclease, and other an- 
tienzyme factors are present. The signifi- 
cance of these impurity types decreases in 
the higher dilutions of the powdered pro- 
duct. It was this last factor that prompted 
the use of higher concentrations during in 
vivo studies of antienzyme factors, and 


streptodornase. 
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injection of less toxic concentrations in 
treatment series. 

The recommended storage temperature 
range of 2° to 10° was observed. The strep- 
tokinase contained 0.01-percent 
sodium ethyl mercury thiosulphate as a pre- 
servative plus an added buffer to maintain 
a pH of 7.5 The material goes into solution 
easily upon injection of the desired amount 
of. sterile saline. Violent shaking is con- 
traindicated. Solution was made fresh for 
each test series because the deterioration at 
room temperature can be significant. Any 
specimen aspirated from the anterior cham- 
ber was promptly assayed, for the same rea- 
son. 

Bovine thrombin. This was obtained as 
sterile thrombin from the Upjohn Company 
in 30-ce. vials, each containing 1,000 units 
as dried powder. A unit is described as the 
amount needed to effect clotting on 0.1 ce. of 
a 1.0-percent fibrinogen solution in 15 see- 
onds at 28°C. of temperature. As used in 


powder 


these studies the contents of each vial were 
dissolved in 2.0 cc. of sterile physiologic 
saline solution to give a concentration of 500 
units per ce. Because of potency loss on 
standing at room temperature, thrombin 
solution was prepared anew for each test 
series. 

Hyaluronidase. This material was ob- 
tained from Wyeth Chemical Company as a 
highly concentrated dried powder extract of 
bull testes containing 1,300 turbidity re- 
ducing units per mg. The purity of this ma- 
terial was greater than that of presently 
available commercial hylauronidase. 

Bovine fibrinogen. This material, bovine 
fibrinogen, fraction 1 (Cohn nomenclature) 
was purchased from the research division of 
Armour and Company. This was received as 
dried powder which because of the extrac- 
tion process contained considerable quanti- 
ties of sodium citrate. A constant source of 
this powder was employed for all test series 
because the clottable protein can how up to 
10-percent difference by weight in any two 


lots. The clottable protein of the sample used 
in these studies was found to be 48 percent 
by weight. Although this powder enters solu 
tion more readily in a vacuum flask, prepa- 
ration of the 0.25-percent solution used here 
did not require this method. 

An amount of 125 mg. of the powder was 
measured on the chain balance and added to 
50 cc. of physiologic saline solution in a 
glass beaker. This was stirred with a glass 
rod until dissolved. The solution was also 
prepared fresh each day as precipitation is 
noted on chilling or standing. 

Human plasma. To meet the need for hu- 
man plasma of constant source and compo- 
sition, several vials of Lyovac plasma were 
obtained from the Sharpe and Dohme Com- 
pany, all of similar lot number. This assured 
similar content of activatable plasminogen 
in each aliquot used. Lach vial contaimed 
the equivalent of 5.0 cc. of human plasma in 
dried form and was injected with 2.5 ec. of 
the diluent supplied to yield a liquid form 
of double the human strength. 

Activated plasma as used in the duration 
of action series was prepared by the injee- 
tion 2.5 cc. of 100,000 units per cc, concen- 
tration of streptokinase solution into the 
vail. Gentle swirling allowed dissolution of 
the plasma at 37°C. in the water bath. The 
vial was allowed to remain in the water bath 
for JO minutes. 


FIBRINOLYSIS TIME-STREPTOKINASE 


This procedure is designed to test the 
ability of aqueous humor to activate plas- 
minogen, 

1. Upon recovery by paracentesis, the 
aqueous humor specimen to be tested in 0.1 
cc. amount added to 0.2 of human 
plasma solution promptly. Incubation at 
37°C. for 30 minutes in a water bath fol- 
lowed. 

2. Then 0.1 cc. of this plasma solution 
was removed by pipette and added to a test 


was 


tube placed in the water bath containing 0.8 
ce, of a 0.25-percent bovine fibrinogen solu 
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tion. These two solutions were well mixed 
by inverting the tube three times. 

3. Next 0.2 cc. of a bovine thrombin solu- 
tion in concentration of 200 units per cc. 
was added. The tube was again promptly 
inverted three times and returned to the 
bath. A firm opalescent clot formed at once, 
the dissolution of which was preceded by 
clearing of the opacity. Any failure of the 
clot to form promptly in this manner indi- 
cated a defect in one or all of the component 
solutions and was best avoided by routine 
preliminary check of their coagulability. The 
time of liquefaction was readily appreciated 
and timed by a stop watch, 

Control tubes contained 0.1 cc. of normal 
saline solution in place of the aqueous 
humor specimen, When tested in the above 
manner an average fibrinolysis time for 20 
separate specimens of streptokinase solu- 
tion in concentration of 10,000 units per cc. 
was four minutes and 18 seconds with a 
range of three minutes, 26 seconds to four 
minutes, 52 seconds. In a concentration of 
5,000 units per cc. the average of 20 tests 
was eight minutes, 18 seconds with a range 
from six minutes, 48 seconds to nine min- 
utes, 24 seconds. 


C, FIsRiNOLySIS TIME-ACTIVATED PLASMA 
(PLASMIN ) 


Preliminary incubation of the aqueous 
specimen was not necessary here as this is a 
test for presence of activated plasmin. 
Preparation of the plasma injected was de- 
scribed above. 

1. The amount of 0.1 cc. of the aqueous 
humor to be tested for fibrinolytic activity 
was added to 0.8 cc. of 0.25-percent bovine 
fibrinogen solution in a test tube and the 
two were well mixed by inversion three 
times. 

2. Bovine thrombin in amount of 0.2 cc. 
and of concentration 200 units per cc. was 
then added and the triple inversion repeated. 
A whitish clot similar to that described in 
the previous section formed and the end 


point of fibrinolysis was read in the same 
manner. 


D. CLOT INHIBITION TEST 


This test was devised as a corollary to the 
fibrinolysis time and to test for the presence 
of free streptokinase. It is dependent on the 
action of free streptokinase on human fi- 
brinogen which reduces the susceptibility 
of the latter to coagulation despite subse- 
quent addition of excess thrombin. This is 
in accordance with results of Milstone.* 
Preliminary testing of serial dilutions of 
streptokinase solution showed that this pro- 
perty is lost below a concentration of 3,000 
to 3,500 units per cc. Tests were done on 
20 separate lots of streptokinase. 

1. Human plasma solution, 0.8 cc., and 
0.1 cc. of aqueous humor solution to be 
tested were incubated together in a test 
tube placed in the water bath at 37°C. The 
control tubes contained 0.8 cc. of plasma 
solution plus 0.1 ce. of normal saline solu- 
tion. 

2. Following this incubation, 0.2 cc. of 
bovine thrombin solution in 200 units per 
cc. concentration were added to each tube 
and thorough mixture assured by triple in- 
version. Failure of the contents to coagulate 
indicated presence of free streptokinase in 
concentration above 3,500 units per cc. Re- 
sults were recorded as positive or negative. 


E. ANTISTREPTOKINASE TESTING METHOD 


This test showed inhibition of strepto- 
kinase activity by a demonstration of re- 
duced plasminogen activating efficiency. 

1. The amout of 0.1 cc. of aqueous solu- 
tion to be tested was incubated with 0.1 cc. 
of streptokinase solution of concentration 
20,000 units per cc. This continued for 60 
minutes at a temperature of 37°C. Control 
tubes contained this same concentration of 
streptokinase plus 0.1 cc. saline. 

2. Following this the total content of each 
tube was added to a tube containing 0.5 cc. 
of human plasma solution and the mixture 
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incubated at 37°C. for 30 minutes in all 
cases. 

3. At the end of this period 0.1 cc. of the 
plasma mixture was drawn from each tube 
separately, and a fibrinolysis time test for 
presence of activated plasma performed, as 
described in Section C. End-point times 
were recorded as previously described. A 
marked difference in fibrinolysis time of test 
aqueous and control was presumed evidence 
of antistreptokinase action upon the fibrino- 
lytic system present. Control tubes contained 
0.1 cc. of normal saline plus 0.1 ce. of 
streptokinase solution of 20,000 units per cc. 
concentration. 


Section IL. STuDIeSs OF OCULAR TOLERANCE 
TO STREPTOKINASE 


Intraocular injection of streptokinase in 
high concentration has caused an acute in- 
flammatory response of the anterior seg- 
ment, according to Jukofsky.** This reac- 
tion was described as the prompt onset of 
corneal edema with varying degrees of 
anterior chamber cellular reaction. These re- 
actions were best evaluated at the eight-hour 
interval and were less severe below 100,000 
units per cc. Because the impurities con- 
tained in available streptokinase have not 
been isolated and estimated, it is difficult to 
evaluate their responsibility for this reac- 
tion. To study the ocular tolerance of this 
agent, animal eyes were injected with vary- 
ing concentrations as follows: 

Following paracentesis, 0.2 cc. of strepto- 
kinase solution was injected intracamerally 
into each of 24 rabbit eyes. Eight different 
concentrations were employed in range from 
200,000 units to 5,000 units per ce. Each 
concentration was injected into six eyes. 
Previously described techniques and precau- 
tions were employed. Observations were 
made of the degree and duration of corneal 
edema, this being the most obvious of the 
toxic reactions seen. Selected eyes were sec- 
tioned for further study. 

As shown in Table 2, corneal opacification 
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was most pronounced above the concentra- 
tion of 50,000 units per cc. This reaction 
appears as a uniform steaming of the stroma 
affecting the deeper layers first and clearing 
from the periphery in irregular fashion 
often leaving residual islets of opacity im 
the central areas for a few days. Biomicro- 
scopic observation confirmed the appearance 
of edema and microscopic section showed 
the lamellar separation (fig. 1) associated 
with this. In general, the anterior chamber 
reaction had cleared by the time corneal 
clearing was accomplished. This was evi 
denced by absence of flare on biomicro- 
scopic examination. 

The relation of corneal clearing time to 
concentration was interesting and fairly con- 
stant. The clearing time of the 100,000 units 
per cc. dose was about one half that of the 
200,000 units per cc. concentration. No 
corneal edema or anterior chamber reaction 
were noted following injections below con- 
centration of 50,000 units per ce. 

Many impurity factors, as mentioned, are 
known to be present and to be more active 
in higher concentration of streptokinase 
solution. 


Fig. 1 (O'Rourke). Photomicrograph, showing 
corneal edema following intracameral injection of 
streptokinase in high concentration (250,000 units/ 
ec.). 


~ 
w 
a 
- 
- 


12% JAMES P. O'ROURKE 


TABLE 2 
KERACTION OF OCULAR TISSUE FOLLOWING INJECTION OF STREPTOKINASE INTO ANTERIOR CHAMBER 


Streptokinase Concentration (Units per cc.) 


Eye* | 200 ,000 150 ,000 100 ,000 | 75 ,000 50,000 25 ,000 10,000, 5,000 
No. | Opaque Cornea | | Clear Cornea 
| Opacity Opacity | Opacity | | | | 
| | | | 
| % |Days| % | Days | % | Days | | Y | | y | 
3 | Cornea-opaque | | | | 
| | | 50% | | 
| | | | | 5 days | | | | 
| | | | | 50% | | 
| 5 days 
+i 7 75 6 | © | 3 | Cornea-clear | | | 
| | | Aqueous | Aqueous-cloudy | 
| cloudy 3 | 5 days | 
iV | 100 7 | 100 | «7 75 7 | Cornea-clear | | | | 
 Aqueous-clear | 
| 75 7 | § | Cornea-clear | | 
| | |  Aqueous-cloudy | 
| | days 
VI | 8 100 6 60 | 4 | Cornea-clear | | 
| | | Aqueous-clear | | | 
Average 
Clearing~» 7} 64 4h 


Time (days) 


* Each eye injected with 0.2 cc. of streptokinase solution. 
¢ Six eyes per each concentration of streptokinase. 


Hyaluronidase is the one impurity factor 
well identified and readily available for test- 
ing purposes. Intense inflammatory response 
followed injection of this agent.’*** 
Intraocular injections were done with 
hyaluronidase solution to compare the reac- 
tion pattern of the anterior segments. 

A solution of hyaluronidase containing 
750 turbidity units per cc. was injected in 
0.2 cc. amounts into each of 10 rabbit eyes. 
Within two to four hours following this in- 
jection, a corneal edema pattern similar to 
that seen with streptokinase was observed 
( fig. 2). 

The anterior chamber reaction of iritis 
appeared as more severe, longer lasting, and 
more prone to synechia formation than was 


Fig. 2 (O'Rourke). Photomicrograph, showing 
streptokinase in highest concentration. The corneal edema following intracameral injection of 


clearing time of the corneal edema exceeded hyaluronidase in high concentration. 
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eight days in all eyes. The amount of strep- 
tococcal hyaluronidase present in any given 
concentration of streptokinase solution 1s 
not kown. A comparison of its activity to 
that of bull testis extracted hyaluronidase ts 
also unknown. 

Even with these limitations it is plausible 
to suspect that a great part of the anterior 
chamber and corneal reaction seen after in- 
jection of streptokinase of high concentra- 
tion may be related to the contained hya- 
luronidase. Certainly the reaction pattern of 
endothelial damage is similar in each case. 
It is further known that use of high con- 
centrations of streptokinase in no way in- 
creased the degree of the 
This depends on the 


amount of activated plasminogen ( plasmin) 
8,14, 25 


intensity of 
fibrinolytic process: 


present at one time. 

I-xcess streptokinase assures only a maxi- 
mal rate of 
plasminogen in the substrate and a suitable 


activation of available 
excess for clots of anterior chamber size can 
be found well below the toxic concentration 
range. The problem then becomes one of 
maintaining this suitable excess despite the 
aqueous humor outflow. 

Section II], DURATION OF ACTION STUDIES 

Preliminary in vitro studies of strepto- 
kinase fibrinolysis at body temperature have 
shown a time requirement of over one hour 
in all cases. Concentrations employed were 
within the limits of ocular tolerance. The in 
vivo fibrinolytic activity of streptokinase 
within the rabbit eye is subjected to three 
limiting factors which did not obtain during 
in vitro water bath studies. These factors 
are: 

1. Constant dilution of injected strepto- 
kinase solution by inflow and egress of 
aqueous humor. 

2. Paracentesis of anterior chamber prior 
to lesion induction (blood injection) en- 
courages the inflow of a plasmoid aqueous 
rich in a fibrin type refractory to strepto- 
kinase action. Such fibrin by coating ex- 
posed clot surfaces could inhibit interaction 
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with available streptokinase. 

3. The possibility of a significant titer of 
antistreptokinase or antibody factors within 
the plasmoid rabbit aqueous. Their presence 
in animal sera have been mentioned by 
others. S, 14, 17, 22, 29 

With such in mind a study of the duration 
of action within the anterior chamber was 
undertaken. Possible methods of prolonging 
it were also considered. 

An aqueous solution of streptokinase in 
concentration of 50,000 units per ce. was 
injected into the anterior chamber of each 
of 48 adult eyes, followmg pre- 
liminary paracentesis. The average fibrinol- 


rabbit 


ysis time for 10 separate aliquots of this 
solution of streptokinase prior to injection 
was three minutes 38 seconds. The amount 
injected into each eye was 0.2 ce. 

Paracenteses were performed at calcu 
lated intervals up to three and one-half hours. 
A fibrinolysis time determination was per- 
formed on 0.1 cc, of each specimen promptly, 
as previously described. 

Clot inhibition studies were done also on 
the remaining portion (about 0.1 cc.) of 
each specimen of aqueous humor. A nega 
tive result indicated the absence of strepto 
kinase above a concentration of 3,500 units 
per ce, and was used as a test for the pres- 
ence of streptokinase above that level. 

Chart 2 shows that, following the injec 
tion, significant fibrinolytic activity is lost 
well before The 
fibrinolysis time of one hour's aqueous 
humor specimen was 20 to 25 times as long 
(64 to 86 minutes) as that of the solution 
prior to injection three minutes, 38 seconds. 
The function of clot inhibition was lost in 30 
to 45 minutes. This represented a rapid loss 
of fibrinolytic activity and did not approxi 
mate the required in vitro clot dissolution 


one hour has elapsed. 


time. 
Prolongation of the activity within the 
anterior chamber was considered next. 


Aqueous humor outflow was inhibited by 
the injection of human whole blood and ex 


cess bovine thrombin into the anterior 
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Chart 2 (O’Rourke). Comparative duration of 
anterior chamber fibrinolytic function. 


chamber after paracentesis. A condition of 
acute secondary glaucoma developed in each 
eye within one hour. 

Forty-eight eyes were so injected; 48 
opposite eyes served as controls, and were 
subjected to simple paracenteses at this 
point. Two hours following these steps, ten- 
sions were recorded on all eyes using a 
Schigtz tonometer. A second paracentesis 
was done and each eye injected with 0.2 cc. 
of streptokinase solution in concentration in 
50,000 units per cc. The preliminary fibri- 
nolysis time of this solution tested 10 sepa- 
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rate times was an average of four minutes, 
two seconds. 

At 30-minute intervals following these 
injections, ‘aqueous humor was recovered 
from each of two glaucomatous eyes and 
two control eyes, and tested. The results of 
such are shown in Table 3. 

Comparison showed a significant prolon- 
gation of fibrinolytic activity when aqueous 
humor outflow was impeded. It is interest- 
ing that in no case did streptokinase injec- 
tion limit or retard the glaucomatous process 
instituted by the angle blocking with 
clotted human blood. Peripheral anterior 
synechias frequently seen in histologic sec- 
tions may explain this. 

It was evident that the streptokinase solu- 
tion injected was rapidly dissipated by aque- 
ous humor dilution and outflow. The effect 
of injecting a more viscous medium was 
studied. The possibility that plasma or 
serum proteins of large molecular size 
would not be removed so readily by aque- 
ous humor outflow was considered. If such 
a plasma solution were activated by pre- 
liminary incubation with an excess of 
streptokinase prior to injection, prolonged 
activity could result. 

As previously mentioned, plasma _ so 
treated will not clot. In vivo studies of such 


TABLE 3 


EFFECT OF SECONDARY GLAUCOMA ON AQUEOUS FIBRINOLYSIS TIME 


Tension (Schigtz) | Clot Inhibition 
S i Glaucoma | Control Glaucoma Control | Glaucoma | Control 
Ee 15- 56 16 7.5 6.3 | + + 
44 14 8.6 18.8 + + 
45- 48 20 17.0 32.0 : + | - 
: 60- 32 18 19.0 84.0 | + 
90. 40 15 26.0 136 + - 
120 19 30.0 260 + 
64 15 48.0 320 
10, 32 20 110 380 
210 36 23 146 | 420 
240- 44 18 318 Neg. 
12 hr. 
270- 64 15 440 | Neg. 
12 hr. 


* Each time interval represents average values of four glaucomatous eyes (OS) and four control eyes (OD). 
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activity were done following injections of 
0.2 cc. of activated plasma. Each of 70 rab- 
bit eyes were so injected after paracentesis. 
At 30-minute intervals, specimens of aque- 
ous humor were recovered from each of 
four eyes. Fibrinolysis time studies were 
dene on 0.1 cc. portions of each specimen 
as described in the previous section. 

As shown in Chart 2, a considerable pro- 
longation of anterior chamber fibrinolytic 
activity resulted. Clearing of anterior cham- 
ber opacity occurred in about one hour, but 
significant fibrinolytic action remained be- 
tween four and six hours. No tension in- 
was noted with this method. Clot 
inhibition ability was retained for two to 
five hours. 


crease 


Section ANTISTREPTOKINASE ACTIVITY 


Early in his investigations, Tillet®® was 
able to show an increase of serum anti- 
fibrinolytic activity in patients afflicted with 
hemolytic streptoccal infections. He specu- 
lated that the severity of the infection was 
related to the balance of antifibrinolytic 
versus fibrinolytic factors.*® 

Streptokinase is known to be antigenic: 
increase in specific anti-enzyme titer has 
followed its administration, clinically.** 
Guest’** has shown such response to be 
present in animal sera in_ significant 
amounts. 

Because such factors are of protein na- 
ture and are found in the blood the possibil- 
ity of their presence in rabbit aqueous 
humor under conditions of the preceding 
studies was investigated. An effort was 
made to determine the influence such factors 
would exert on the concentrations of strep- 
tokinase employed. The following methods 
were used. 

Twenty adult white rabbits were given 
bilateral anterior-chamber injections of 


streptokinase solution of 200,000 units per 
cc. concentration. The injections were re- 
peated in seven days. At five-day intervals 
thereafter, aspirations of primary aqueous 
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humor by paracentesis were done. Groups 
of eight eyes were aspirated on the 5th, 
10th, 15th, 20th, and 25th day. Two hours 
after this, a second paracentesis was done on 
the same eyes to obtain the more viscid and 
often clotted plasmoid aqueous. Each aque- 
ous sample was promptly tested for anti- 
streptokinase activity according to steps 
described in Section II, E as antistreptokin- 
ase testing method, 

This was essentially a test of the plas- 
minogen activating ability of a standard 
concentration of streptokinase after its in- 
cubation with aqueous humor suspected to 


contain antistreptokinase activity. After the 


interaction of aqueous humor and strepto- 
kinase had been permitted, the mixture was 
added to an equal amount of plasma to be 
activated. The degree of activation of the 
plasma sample, as evidenced by its fibrinoly- 
sis time, was taken as a measure of anti- 
streptokinase activity of the aqueous humor. 
Kight controls in which saline replaced the 
aqueous humor were simultaneously incu- 
bated for each time interval. 

The results plotted in Chart 3 indicate 
a significant increase of antistreptokinase 
activity present in the plasmoid aqueous 
humor beyond the five-day interval. Pri- 
mary aqueous humor showed little such ac- 
tivity. It appeared that high concentrations 
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Chart 3 (O'Rourke). Prolongation of fibrinolysis 
time by antibody factor. 
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of streptokinase such as comprised the intra- 
ocular dose used here were capable of elicit- 
ing an antigenic serum response. This re- 
sponse was demonstrable in the plasmoid 
aqueous. Such activity was not present be- 
fore the five-day period. 

The antigenic dose injected here was 
five times greater than the contemplated 
therapeutic dose of streptokinase. The de- 
velopment of antibodies required about five 
days to become manifest. Such results might 
indicate an objection to repeated injections. 
Similar studies done with concentration of 
50,000 units showed no antistreptokinase 
activity demonstrable by these methods. 


Section V. TREATMENT OF 
EXPERIMENTAL LESIONS 


The final segment of this study dealt 
with treatment of experimental lesions of 
the anterior chamber. With the foregoing 
limitations in mind, lesions were created 
within the rabbit eye to produce a suitable 
substrate for streptokinase fibrinolysis. 
> Simple hyphemas were induced by the 
injection of whole human blood, as de- 
scribed in the section on methods. Eight 
series of 10 rabbits each, were so injected 
giving a total of 160 eyes of which 80 
served as untreated controls. Series bearing 
odd numbers were subjected to aspiration 
of anterior-chamber contents, four hours 
after injection of the streptokinase. Those 
of even numbers were not so treated. 

In all treated eyes the first step consisted 
in injection of 0.2 cc. of streptokinase solu- 
tion of concentration 50,000 units per cc. An 
equal amount of sterile saline was injected 
into the oposite eye of each animal. These 
served as controls. The periodicity of treat- 
ment by injection or aspiration varied with 
each series according to the following 
scheme : 

Series 1. Simultaneous administration of 
streptokinase and blood with aspiration at 
four hours. 

Series 11. Simultaneous administration 


of streptokinase and blood without aspira- 
tion. 

Series 11. Administration of streptokin- 
ase at four with aspiration at eight hours. 

Series IV. Administration of streptokin- 
ase at four hours without subsequent aspira- 
tion. : 

Series V. Administration of streptokin- 
ase at eight hours with aspiration at twelve 
hours. 

Series VI. Administration of streptokin- 
ase at eight hours without subsequent as- 
piration. 

Series VII. Administration of streptokin- 
ase at twenty four hours with aspiration 
at 28 hours. 

Series VIII. Administration of strepto- 
kinase at twenty four hours without subse- 
quent aspiration. 

The four-hour interval between injection 
in Chart 4 showed definite shortening of 
clearing time in all series in which aspira- 
tion followed streptokinase injection. The 
saline-injected control eyes did not show 
a similar reduction of clearing times. Their 
organized anterior-chamber contents made 
aspiration difficult, unsatisfactory, and in- 
complete. 

All eyes treated with streptokinase 
showed a reduced clearing time when com- 
pared to saline treated controls, The rapid 
clearing time of hyphemas induced by si- 
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Chart 4 (O'Rourke). Treatment of hyphema 
with and without aspiration. 
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multaneous administration of streptokimase 
and blood may be due to the fact that the 
mixture failed to clot. This failure of the 
mixture to clot is due to the anticoagulant 
action of streptokinase in concentration ex- 
ceeding 3,500 units per cc. when incubated 
with human plasma at body temperature for 
10 minutes. 


Section VI. Discussion anpb SUMMARY 


An attempt has been made to evaluate 
the enzyme activating agent, streptokinase, 
with regard to a possible therapeutic role for 
intracameral hemorrhage. Among the as- 
pects studied were the development of ana- 
lytic methods of the fibrinolytic function of 
aqueous humor. There followed in order 
consideration of toxicity, duration of action, 
prolongation of action, antigenic response, 
and finally the treatment of experimentally 
induced hyphemas. 

Analytic methods carried out on primary 
amd secondary aqueous were a necessary 
prelude to the latter group of studies. Tech- 
niques for the detection of free streptokm 
ase and for active plasmin were deseribed. 
Further preliminary studies served to con 
firm the necessity of employing human 
blood as a testing substrate. 

In vitro studies of clot dissolution time 
demonstrated the increased rate of fibrinoly- 
sis associated with an increase of incubation 
temperature. This increase was greater than 
that obtained by raising the streptokinase 
concentration. The concentration of strepto- 
kinase appeared to play little part in changes 
of fibrinolysis time. It was not possible to 
corroborate the effects of increased tempera- 
ture in experimental animals so the obser- 
vation remains an in vitro one. 

Toxic reactions noted appeared confined 
to the eye and were not observed below the 
concentration level of 50,000 units per cc. 
The changes observed were corneal edema 
with transient anterior uveitis. No perma- 
nent changes of any form were noted within 
the anterior segment and the duration of 


changes was in approximate proportion to 
the concentration injected, A similar though 
more severe response observed followmg 
injection of hyaluronidase suggested that this 
contaminent of the streptokinase prepara- 
tion may be responsible for the toxic effects. 

Preliminary studies have shown that a 
concentration of 50,000 units per cc. is 
sufficient for dissolution of an anterior 
chamber-sized clots in vitro, at body tem- 
perature. 

Perfusion of the anterior chamber by 
aqueous flow appeared to remove injected 
streptokinase solution too rapidly for the 
desired effect. The prolongation of hbrino 
lytic activity that followed induced secondary 
glaucoma seemed to confirm the role of 
aqueous humor flow im this regard. Al 
though the secondary glaucoma was induced 
by a thrombin and blood injection, no al 
leviation of the glaucomatous process fol 
lowed streptokinase injection. 

A significant prolongation of anterior 
chamber fibrinolytic function was effected 
by the injection of a viscid medium. Double 
strength human plasma solution activated 
by incubation with streptokinase remaims 
present within the chamber for over four 
hours. The amount of streptokinase in this 
mixture was innocuous. This mixture was 
not coagulable and therefore caused no ob 
struction to aqueous flow. No rise in intra- 
ocular pressure occurred with these imtra- 
cameral injections in spite of the high 
protein contents. The presence of high pro- 
tein level within the chamber may dispose 
to a reduction of intraocular pressure in a 
way analogous to eyes with anterior uveitis, 
according to Adler.* 

Antistreptokinase factors could be dem 
onstrated in the rabbit aqueous humor after 
the 12th day following initial streptokinase 
injection. They were only significant in plas 
moid aqueous and did not appear likely to 
offset effectiveness of recommended thera 
peutic concentrations of streptokinase. No 
such antistreptokinase factors were demon 
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strated in aqueous humor of animals previ- 
ously unexposed to streptokinase. 

A treatment series of experimental hy- 
phemas with streptokinase with and without 
aspiration was evaluated. A slight reduction 
of clearing time was noted in eyes treated 
without subsequent aspiration. A more ap- 
parent reduction was evident ir eyes that 
were aspirated because the partial dissolu- 
tion of the clot rendered it more susceptible 
to aspiration. In general, the performance of 
streptokinase solution was not dramatic for 
the clearing of experimental hyphemata. A 
longer lasting agent is to be sought. 

In spite of these observations, the possi- 
bility of anterior-chamber debridement by 
these enzymes is still theoretically plausible. 
This is based on the prolongation effect of 
the viscid protein medium. There is also the 
possibility that pure plasminogen may some 
day be available for activation by a minimum 
of free streptokinase. This would represent 
the maximum of fibrinolytic activity possible 
per unit weight. Extraction procedures 
for plasminogen isolation has been de- 
scribed”’*** but were not successfully ap- 
plied in this study. 


Section VII. Conc _usions 


1. Clots of rabbit blood were not suscep- 
tible to fibrinolysis by streptokinase. 

2. Human blood was the most suitable 
substrate for in vitro and in vivo testing. 

3. Significant reduction of fibrinolysis 
time with increasing temperature was dem- 


onstrated in vitro. 

4. Above a threshold level, increases of 
streptokinase concentration appeared to have 
little effect upon the fibrinolysis time of 
standard clots. 

5. The anterior chamber of the rabbit eye 
tolerated concentrations under 50,000 units 
of streptokinase per cc. 

6. The toxic effects which followed intra- 
cameral streptokinase injection, in concentra- 
tion exceeding 50,000 units per cc., may be 
due to its hyaluronidase content. 

7. Streptokinase solution failed to remain 
in significant concentration within the an- 
terior chamber for longer than one hour 
after injection. 

8. Streptokinase was retained in the an- 
terior chamber up to tree hours by obstruct- 
ing the outflow of aqueous humor. 

9. Fibrinolytic activity was prolonged 
four to six hours by the intracameral in- 
jection of activated plasma. 

10. The antistreptokinase factors could 
be demonstrated in plasmoid, but not in 
primary, aqueous humor 12 days after initial 
intracameral injection of streptokinase. 

11. A slight reduction in clearing time of 
hyphemata was induced by anterior chamber 
streptokinase injection without associated 
aspiration. 

12. The clearing time of hyphemas was 
further reduced by aspiration following 
streptokinase injection. 

National Institute of Neurological 

Diseases and Blindness (14). 


REFERENCES 


1. Adler, F. H.: Physiology of the Eye. St. Louis, Mosby, 1950, p. 97. 
2. Astrup, T., and Permin, P. M.: Fibrinolysis in animal organisms. Nature, (London) 159 :681 (May) 


1947, 


3. Biggs, R., MacFarlane, R. G., and Pilling, J.: Observations on fibrinolysis: Experimental activity 
produced by exercise or adrenaline. Lancet, 1 :402 ( Mar.) 1947. 

4. Christensén, L. R.: Streptococcal fibroinolysis: A proteolytic reaction due to a serum enzyme 
activated by streptococcal fibrinolysin. J. Gen. Physiol., 28 :363 ( Mar.) 1945. 


5. 
6. 

inactivation. J. Gen. Physiol., 30 :465 (July) 1947. 
7 


: The activation of plasminogen by chloroform. J. Gen. Physiol., 30:149 (Nov.) 1946. 
: Protamine purification of streptokinase and effect of pH and temperature on reversible 


: Methods for measuring the activity of components of the streptococcal fibrinolytic system, 
and streptococcal desoxyribonuclease. J. Clin. Investigation, 28 :163 (Jan.) 1949. 


135 


INTRAOCULAR STREPTOKINASE 


8. Christensen, L. R., and MacLeod, C. M.: A proteolytic enzyme of serum: Characterization, activation, 
and reaction with inhibitors. J. Gen. Physiol., 28 :559 (July) 1945. 

9. Christensen, L. R., and Smith, D. H., Jr.: Plasminogen purification by acid extraction. Proc. Soc. 
Exper. Biol. & Med., 74:840 (Aug.) 1950 

10. Clifton, E., and Danerie, R.: Variations in the proteolytic action of sera of species. Proc. Soc. 
Exper. Biol. & Med., 73:559 (Apr.) 1950. 

11. Dastre, A.: Autodigestion of human clots: Normal and pathological. Arch. Physiol., 5 :661, 1893. 

12. Delazanne, A., and Pozerski, V.: Quoted by Ratnoff, O. D.” 

13. Garner, R. L., and Tillett, W. S.: Biochemical studies on the fibrinolytic activity of hemolytic 
streptococci: I. Isolation and characterization of fibrinolysin. |. Exper. Med., 60:239 (Aug.) 1934. 

14. Guest, M. M., Daly, B. M., Ware, A. G., and Seewars, W. H.: A study of antifibrinolysin activity 
in the plasmas of various animal species. J. Clin. Investigation, 27:785 ( Nov.) 1948. 

15. Hedin, S. G.: J. Physiol., 30-195, 1904. 
. Jukofsky, S. L.: A new technique in the treatment of hyphema. Am. J. Ophth., 34:1692 (Dee.) 


. Kaplan, M. H.: Studies of streptococeal fibrinolysis. J. Clin. Investigation, 25 :331; 337; 347 (May) 


. Linn, |. G., and Ozment, T. L.: Effects of injection of hyaluronidase into anterior chamber. Am. J. 
Ophth., 33:33 (Jan.) 1950. 

19. MacFarlane, R. G., and Pilling, J.: Observations on fibrinolysis: Plasminogen, plasmin, and anti- 
plasmin content of human blood. Lancet, 2 :562 (Oct.) 1946. 

20. Milstone, H.: A factor in normal human blood which participates in streptococcal fibrinolysis. 
J. Immunol., 42 :109 (Oct.) 1941. 

21. Pirie, A.: Effects of hyaluronidase injection on the vitreous humor of the rabbit: Brit. J. Ophth., 


33 :678, 1948. 

22. Ratnoff, O. D.: Studies on a proteolytic enzyme in human plasma. J. Exper. Med., 87:199; 211 
(Mar.) 1948. 

23. Seegers, W. H.: The Enzymes. New York, Academic Press, 1951. Fd. 1, v. 1 Pt. Il, Chap. 35, 
pp. 1148-1152. 


24. Selye, H.: First Annual Report on Stress. Montreal, Canada, Acta, Inc., 1950, pp. 140-141. 

25. Sherry, S.: The local use of streptokinase-streptodornase in refractory chronic draining sinuses 
Forum on Fundamental Surgical Problems. Clinical Congress of the Am. College Surgeons, Philadelphia, 
Saunders, 1951. 

26. Sherry, S., Tillett, W. S., and Read, C, T.: The use of streptokinase-streptodornase in the treatment 
of hemothorax. J. Thoracic Surg., 20:393 (Sept.) 1950. 

27. Tagnon, H. J.: J. Lab. & Clin. Med., 27 :1119, 1942. 

28. Tagnon, H. J., Levenson, S. M., Davidson, C. S., and Taylor, F. H. L.: Occurrence of fibrinolysis 
in shock, with observations on prothrombin time and plasma fibrinogen during hemorrhagic shock. 
Am. J. M. Sc., 211 :88 (Jan.) 1946. 

29. Tillett, W. S.: The occurrence of antifibrinolytic properties in the blood of patients with acute 
hemolytic streptococcus infections. |. Clin. Investigation, 14:276 (Mar.) 1953. 


3. ———: The fibrinolytic activity of hemolytic streptococci. Bact. Rev., 2:161 (Dec.) 1938. 

31. ——-: The principles involved in the clinical use of streptokinase-streptofornase. Am. College 
Surgeons, Boston (Oct. 24) 1950. 

32. -———-: Studies on the Enzymatic Lysis of Fibrin and Inflammatory Exudates by Products of 


Hemolytic Streptococci. Harvey Lecture Series 1949-1950. Springfield, Ill, Charles C Thomas, 1951. 

33. Tillett, W. S., and Abernathy, T. J.: Serological reactions with hemolytic streptococci in acute 
bacterial infections. Bull. Johns Hopkins Hosp., 50:270 ( Apr.) 1932. 

3M. Tillett, W. S., Edwards, L. B., and Garner, R. L.: Fibrinolytic activity of hemolytic streptococci : 
The development of resistance to fibrinolysis following acute hemolytic streptococcus infections. J. Clin. 
Investigation, 13:47 (Jan.) 1934. 

35. Tillett, W. S., and Garner, R. L.: The fibrinolytic activity of hemolytic streptococci. J. Exper. 
Med., 58 :485 (Oct.) 1933 

%. Tillett, W. S., and Sherry, S.: The effect in patients of streptococcal fibrinolysin (streptokinase) 
and streptococcal desoxyribonuclease on fibrinous, purulent, and sanguineous pleural exudations. J. Clin. 
Investigation, 28 :173 (Jan.) 1949. 

37. Tillett, W. S., Sherry, S., and Christensen, L. R.: Streptococcal desoxyribonuclease: Significance 
in lysis of purulent exudates. Proc. Soc. Exper. Biol. & Med., 68 :184 (May) 1948 

38. Tillett, W. S., Sherry S., Christensen, L. R., Johnson, A. J., and Hazlehurst, G.: The effect in 
patients of streptococcal fibrinolysin (streptokinase) and streptococcal desoxyribose nuclease (strepto- 
dornase). Tr. A. Am. Physicians, 62 :93, 1949. 

9. Streptococcal enzymatic debridement. Ann. Surg., 131:12 (Jan.) 1950. 


195] 
1946 


136 JAMES F. O'ROURKE 


40. Tillett, W. S., Sherry, S., and Read, C. T.: The use of streptokinase- and streptodornase in the 
treatment of chronic empyema. J. Thoracic Surg., 21:325 (Apr.) 1951. 
41. Von Kallen, A. Extraction of fibrinolytic enzyme from blood. Nature (London) 164:408 (Sept. ) 


1949. 


42. Von Sallmann, L.: Experimental study on the vitreous: Part Il. Arch. Ophth., 43 :638 (Apr.) 1950. 
43. Westphal, U., Kockolaty, W., McDonald, B., King, E., and Jensen, H.: Studies on proteolytic, 
fibrinolytic, antitryptic, and antifibrinolytic activities in the blood of rats. Proc. Soc. Exper. Biol. & Med., 


75 (Dec.) 1950. 


- - - ~- 


DiIscuUSSION 


De. EF. Beatey: About five years ago, 
when I was at Bellevue, | used streptokinase at the 
suggestion of Dr. Tillet and his group. We tried 
streptokinase in rabbits, and it produced very little 
inflammation in the anterior chamber of the rabbit 
eye in spite of the addition of the plasma factor 
from the human. 

I put human blood into the anterior chamber of 
rabbits’ eyes; and, although human blood does not 
remain too long in the anterior chamber of rab- 
bits’ eyes, it will remain for a time. Then, injecting 
streptokinase and streptodornase, and of course 
both go together along with a number of other 
impurities that Dr. O'Rourke has mentioned, we 
produced a very mild inflammation in the rabbit's 
eye, and were able to dissolve the clot that formed. 
However, the difference in the time of absorption 
of human blood from the anterior chamber of 
rabbit eyes was, to my mind, the same as the rate 
of absorption without the addition of streptokinase 
and streptodornase. At the insistence of Dr. Tillet 
we had five human ecyes with various amounts of 
blood in the anterior chamber, one containing a 
good deal of pus, which was awaiting enucleation. 
I thought it worthwhile to inject streptokinase and 
streptodornase solution in concentrations never 
above 5,000 units of streptokinase and the equiva- 
lent of only about 200 units of streptodornase in 
the preparation that we had at that time. 

All of these eyes resulted in a very severe sec- 
ondary glaucoma, and we tried to relieve this 
secondary glaucoma by repeated paracenteses. Some 
of these paracenteses were done as many times as 
every hour in order to remove fluid from the eye. 
The reaction, | must say, was extremely severe, to 
the point that I would certainly hesitate ever to 
use streptokinase and streptodornase in the form 
that it is in at the present time in the anterior 
chamber of human eyes. 

In spite of the very low concentration, the cornea 
hecame opaque and secondary glaucoma was very 
severe. 

The next thing I tried streptokinase and strepto- 
dornase for was in lacrimal sacs, in which there 
was a good deal of fibrin-like material in the sac. 
Streptokinase was injected again in low concen- 
tration in an attempt to irrigate it out. This also 
resulted in a very severe reaction, and in one case 
q the sac pointed and had to be opened externally. 
Where have I had the best results with strepto- 


kinase and streptodornase? I have used it in a 
number of cases of conjunctivitisthe most suc- 
cesstul are membraneous conjunctivitis cases, in 
which there is a membrane on the surface. The 
streptokinase will dissolve the membrane and many 
times will maintain it at a fluid level for quite a 
while. Some of you may remember some of the 
cases of conjunctivitis in which streptokinase and 
streptodornase were used. 

It is a sushtance derived from the streptococcal 
organism. It produces a very severe reaction when 
injected into any cavity. It produces some reaction 
when applied to the surface, but it may have some 
antigenic properties. I felt that its reaction was so 
severe in the human that probably it should not 
he used in the eyes of human beings in its present 
form. 

| have enjoyed hearing this paper. I was not 
sure from the paper whether Dr. O'Rourke used 
rabbit eyes or human eyes to do his experimental 
work. | presume it was rabbit eyes, from the 
amount of reaction he got. 

Dr. O'Rourke (closing): I want to thank Dr. 
Braley for his helpful criticism and remarks. | 
confess to being unaware of his prior experience 
with intraocular streptokinase. 

Our studies as completed within the rabbit eye 
led us to believe the agent too irritating for use 
within the human eye. Anticipated future work 
will include an attempt to activate the plasmin- 
containing euglobulin fraction of plasma. Such an 
activated isolated fraction may represent maximal 
plasmin fibrinolytic activity as initated by a mini- 
mal, nomirritating amount of streptokinase. Beyond 
a low critical level, increase of streptokinase con- 
centration affects only the rate but not the degree 
of plasminogen activation. Much of this is specula- 
tive, however, and we have no further thoughts on 
the subject at the present time. 

As to the nature of our plasmin preparation. 
We had no plasmin preparation, as our attempts at 
fractionation of plasminogen from whole plasma 
were no’ successful. Our activiated plasma solu- 
tion employed double strength powdered, human 
plasma (Sharpe and Dohme, Lyovac) which is sup- 
plied for use with thrombin in the preparation of 
physiologic glue. Preliminary incubation of this 
with streptokinase gave us a viscous plasma solu- 
tion whose plasminogen was activited and well re- 
tained within the eye. 


THE CYTOLOGY OF EXTERNAL OCULAR DISEASE* 
SamMuet |. Kimura, M.D. 
San Francisco, Califorma 
AND 
Puittirs Tuyceson, M.D. 
San Jose, California 


In recent years the study of isolated cells 
removed by the scraping of lesions im situ 
has received considerable attention. Papani 
colaou’ and his associates have made exten- 
sive studies of this exfoliative cytology, and 
Blank et al.? and Baldridge and Leeb® have 
described diagnostically reliable cytologic 
findings in smears taken directly from vesic 
ular lesions. Cytologic studies on the eye 
date from the observation of Herbert,’ in 
1903 and 1907, that a conjunctival eosino- 
philia was constantly associated with vernal 
catarrh., 

In 1946 one of us (P. T.)° presented be- 
fore this society a preliminary report in 
which the literature of this subject was re- 
viewed and evidence submitted of the value 
of cytologic analysis of conjunctival ex- 
udates in the differential diagnosis of ocular 
infections of both known and unknown 
etiology. In the present report the material 
offered in this earlier paper is analyzed and 
revised in the light of further experience, 
Also presented are a number of new obser- 
vations on the cytology of ocular tumors and 
of certain recently recognized ocular infec- 
tions such as the Greeley type of kerato- 
conjunctivitis,® Newcastle disease conjuneti- 
vitis,” and several inflammations due to 
fungi. 


MATERIALS AND MetrHops 


In the study reported herewith, ocular 
scrapings from cases observed in the ex- 
ternal disease clinic of the University of 

*From the Department of Ophthalmology and 
the Francis |. Proctor Foundation for Research in 
Ophthalmology, University of California, School 
of Medicine, San Francisco. This work was sup- 
ported in part by funds from Mrs. FE. S. Heller. 
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California Hospital and in the course of 
private practice were subjected to examina- 
tion. Each case was studied completely in 
accordance with our routine external disease 
workup which includes the analysis of 
blood-agar and mannitol-agar plate cultures, 
the microscopic examination of scrapings 
from the lid margins and conjunctiva, and 
the clinical examination of the lesions with 
the corneal microscope and slitlamp. 

In our experience the Giemsa stain has 
proven to be the best stain for the prepara 
tion of scrapings for cytologic study, It was 
used routinely and was prepared and applied 
according to the technique deseribed in the 
earler paper. 


(OBSERVATIONS OF CELLULAR REACTIONS 


In addition to all the known types of 
leukocytes, there were special cells (for ex- 
ample, goblet cells) (fig. 1), altered normal 
cells (for example, large, multimucleated ept- 
thelial cells, and keratinized epithelial cells) 
(fig. 2), and abnormal numbers of macro- 
phages (fig. 3) that were found to have 
definite diagnostic significance. 


SIGNIFICANCE OF A NEUTROPHIL REACTION 


A neutrophil reaction is the most frequent 
conjunctival reaction to all but two bacterial 
infections, to all the infections due to viruses 
of the Chlamydozoaceae family (trachoma, 
inclusion conjunctivitis, lymphogranuloma 
venereum), and to such fungus diseases as 
streptothrix conjunctivitis secondary to can 
aliculitis, and nocardial and monilial corneal 
ulcers. of unknown eti 
ology (for example, erythema multiforme 
and Reiter's disease conjunctivitis) are also 
characterized by a polymorphonuclear cell 


Several diseases 


Fig. 1 


(Kimura and Thygeson). Goblet cells 
from conjunctival scraping. Drawing from 
(iemsa-stained epithelial scraping. 


exudate. In vernal conjunctivitis, a bacteria- 
free disease that is most .certainly allergic 
in origin, there is a neutrophil reaction in 
addition to the characteristic eosinophilia. 

It was noted in epidemic keratoconjuncti- 
vitis and herpetic keratoconjunctivitis that a 
mononuclear cell reaction would change to 
a predominantly polymorphonuclear cell re- 
action when a membrane formed. 


SIGNIFICANCE OF AN EOSINOPHIL REACTION 


The eosinophil is the characteristic cell of 
allergic inflammation. In the course of this 


Fig. 2 (Kimura and Thygeson). Keratinized 


epithelial cells from conjunctival scraping. Draw- 
ing from Giemsa-stained epithelial scraping. 


SAMUEL J. KIMURA AND PHILLIPS THYGESON 


study it was demonstrated in cases of vernal 
conjunctivitis, hay fever conjunctivitis, and 
allergic conjunctivitis due to various drugs, 
cosmetics, and other sensitizing antigens. A 
characteristic fragmentation of the eosino- 
phil was observed in conjunctival scrapings 
from vernal conjunctivitis. Although not a 
pathognomonic sign, this fragmentation is 
valuable in differentiating vernal conjuncti- 
vitis from hay fever conjunctivitis in which 
it rarely occurs; when coupled with the 
clinical signs of vernal conjunctivitis, that 
is, the presence of giant papillae and the 
absence of hay fever, it may in fact be diag- 
nostic. The free eosinophilic granules are 
more abundant in severe cases of vernal 
conjunctivitis than in mild cases. 

Eosinophils were demonstrated in atro- 
pine-sensitivity conjunctivitis but not in 
eserine or pilocarpine conjunctivitis. This 
would seem to suggest strongly that the 
latter two types are toxic rather than allergic. 


SIGNIFICANCE OF A BASOPHIL REACTION 


Basophils (fig. 4) in conjunctival scrap- 
ings and smears are significant only when 
seen in large numbers. Like eosinophils they 


Fig. 3 (Kimura and Thygeson). Macrophage 
(Leber cell) from trachoma scraping (arrow). 
Drawing from Giemsa-stained scraping. 
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are characteristic of allergic inflammation, 
and particularly of vernal conjunctivitis; in 
scrapings from this disease they are occa- 
sionally more abundant than the eosinophils. 


SIGNIFICANCE OF A MONONUCLEAR-CELL RE- 
ACTION 


Mononuclear cells are the predominant 
cells in the conjunctival scrapings from con- 
junctivitis due to, or suspected of being due 
to, a typical virus. In the absence of second- 
ary infection, an almost 100-percent mono- 
nuclear cell response, predominantly lym- 
phocytic, is found in epidemic keratocon- 
junctivitis, herpetic keratoconjunctivitis, and 
the acute follicular conjunctivitis of Béal. 

Two recently described virus diseases of 
the eye, Newcastle disease conjunctivitis 
and the “Greeley disease,” both produce a 
mononuclear cell exudate. 

The cells comprising the mononuclear cell 
exudate were found to differ from disease 
to disease. The predominant cells were small 
lymphocytes (fig. 5) in some diseases, mono- 
cytes and large lymphocytes in others, The 
diagnostic significance of these differences, 
if any, has yet to be determined. We are 
investigating this point because of the pres- 


Fig. 4 (Kimura and Thygeson). Basophils 
Drawn from Giemsa-stained conjunctival serap- 
ings trom vernal conjunctivitis. 


Fig. 6 (Kimura and Thygeson). 
(arrow). Photograph from conjunctival scraping. 


Fig. 5 (Kimura and Thygeson). Small lympho- 


cytes. Drawn from conjunctival scrapings from 
acute follicular conjunctivitis of Béal 


ence of abnormally large lymphocytes 
(““virocytes”) in the blood of patients with 
various systemic virus diseases." 


SIGNIFICANCE OF PLASMA-CELL REACTION 


Plasma cells are present in conjunctival 
scrapings from trachoma (fig. 6), and with 
an occasional exception from trachoma only. 
Why they are not seen more frequently im 


Plasma cells 
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Fig. 7 (Kimura and Thygeson). Photograph 


of conjunctival scraping from keratoconjunctivitis 
showing keratmizing epithelial cells and 
mucous strands. 


sicca, 


other conjunctival scrapings is indeed a 
mystery. lor some unexplained reason they 
do not cross the epithelial barrier except in 
connection with the spontaneous rupturing 
of the follicles that occurs in trachomatous 
necrosis. As noted by Papanicolaou,’ this is 
in sharp contrast to the almost constant 
appearance of plasma cells subepithelially in 
chronic infections. 


SIGNIFICANCE OF EPITHELIAL CHANGES 


Keratinization of conjunctival epithelial 
cells (fig. 2) is always pathologic. When 
keratinized cells are seen in conjunctival 
scrapings they furnish diagnostic evidence 
of vitamin-A deficiency, exposure, cicatriza- 
tion, keratoconjunctivitis sicca, or epithelial 
plaque. 

Keratoconjunctivitis sicca is part of a 
generalized dryness of the mucous mem- 
branes of the body. The epithelium is never 
fully keratinized as it is in vitamin-A de- 
ficiency, nor is there an overgrowth of 
Corynbacterium xerosis on the cells. The 
epithelial cells from an advanced case contain 
keratin granules in the cytoplasm and there 
are degenerative changes in the nuclei (fig. 
7). Serapings contain an abnormally large 
number of goblet cells and usually a large 
amount of mucus. If there is secondary in- 


fection, polymorphonuclear leukocytes are 
also present. 

Epithelial plaques are localized conjunc- 
tival lesions in which an excess of cells has 
undergone surface keratinization to form a 
thick horny layer of flattened cells. Ke- 
ratimized epithelial cells are therefore also 
characteristic of scrapings from conjunctival 
epithelial plaques. Three cases of epithelial 
plaque of the bulbar conjunctiva, simulating 
in each case a Bitot’s spot, were observed in 
the course of this study, 

Differentiation from the Bitot’s spot of 
vitamin-A deficiency was made on the basis 
of (1) absence of other signs of vitamin-A 
deficiency and (2) absence of therapeutic 
response to vitamin-A administration. Epi- 
thelial scrapings from the lesions contained 
keratinized epithelium and numerous diph- 
theroid bacilli. The cytologic picture was 
identical with that of the hyperkeratotic 
lesions of vitamin-A deficiency. In the two 
cases in which the plaques were removed 
surgically, examination con- 
firmed the diagnosis. 

Large, multinucleated epithelial cells (fig. 
8) im conjunctival scrapings are character- 
istic of viral infection as opposed to bac- 
terial infection. The same large cells have 
also been noted in scrapings from viral kera- 


microscopic 


titis, for example, dendritic keratitis, but not 


Fig. 8 (Kimura and Thygeson). Large multi- 
nucleated epithelial cells. Photograph of scrapings 
of herpetic keratitis. 
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in scrapings from bacterial keratitis. Al 
though found most often in herpetic kerato- 
conjunctivitis, these cells are not signficantly 
characteristic to indicate anything more 
specific than a viral etiology. 

Pigment granules of two types (fig. 9), 
large and small, were noted in the epithelial 
cells of the conjunctiva. These are normal 
components and are seen more frequently in 
the pigmented races. To the uninitiated, how- 
ever, they can easily be mistaken for inelu- 
sion bodies, engulfed bacteria, or rickettsial 
bodies. Unstained they are brown in color, 
but stained with Giemsa they assume a defi- 
nite blue-green tinge and can be recognized 
easily and differentiated from other cell 
inclusions. 


CYTOLOGY OF CORNEAL ULCERS 


In an earlier paper,’ one of us (P. T.) 
reported on the etiology of corneal ulcers. 
It was shown that in almost every case an 
etiologic diagnosis could be based on the 
examination of scrapings from the advane- 
ing edge of the ulcer. The pneumococeus 
was in the past the most frequent cause of 
central corneal ulcer. 

Since the advent of the sulfa drugs and 
the antibiotics, however, only a very few 
pneumococcic cases are seen and corneal 
ulcers are on the whole uncommon today. 
Probably as a result of the use of antibiotics, 
organisms of low virulence and pathogenicity, 
such as fungi, are now more frequently 
found to be causal. 

Two cases of nocardial corneal ulcer fol- 
lowing a corneal foreign body were diag- 
nosed from an examination of scrapings 
taken directly from the advancing edge of 
the ulcer, and one case of monilial corneal 
ulcer was diagnosed in the same way. Both 
Nocardia and Monilia are low in virulence 
and have been almost unknown in the past 
as causes of corneal ulcer. Scrapings from 
all three cases showed an abundance of poly- 
morphonuclear leukocytes in addition to the 
micro-organisms. 


Fig. 9 (Kimura and Thygeson). 
pigment granules in a conjunctival epithelial cell 


Photograph of 


It is of interest that a neutrophil reaction 
was observed in scrapings from three cases 
of ulcer due to the Diplobacillus of Petit but 
not in scrapings from the definitely non 
pyogenic conjunctivitis due to the Diplo- 
bacillus of Morax-Axenfeld. Scrapings from 
trachomatous corneal ulcers and catarrhal 
ulcers both produced polymorphonuclear cell 
reactions and scrapings from phlyctenular 
corneal ulcers a mononuclear cell reaction. 
As noted above, direct scrapings from herpes 
simplex corneal ulcers contained a significant 
number of multinucleated epithelial cells. 
Scrapings from a few cases of Mooren’s 
ulcer were examined but the cytologic pic- 
ture was in no way characteristic. 


(CYTOLOGY OF EXTERNAL OCULAR TUMORS 


Bowen's disease (intraepithelial epitheli- 
oma, carcinoma in situ) of the cornea and 
conjunctiva was subjected to cytologic ex 
amination. Abnormally large epithelial cells 
(fig. 10) were seen, many of them with signs 
of partial keratinization. One case had been 
treated as a keratitis of unknown etiology 
for five years. Biopsy confirmed the diag- 
nosis of Bowen's disease. 

Molluscum contagiosum. Curettings from 
a suspected molluscum contagiosum nodule 
on a Slide, stained with 


were smeared 


Giemsa, and examined, Typical molluscum 
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Fig. 10 (Kimura and Thygeson). Large epi- 
thelial cells. Drawn from direct scrapings from 
conjunctival Bowen's disease. 


cells (fig. 11) filled with virus particles (fig. 
12) were readily identifiable. 

Infectious warts of the lid margin were 
scraped and the scrapings examined. The 
cytologic picture had no diagnostic value. 

Squamous cell carcinoma scrapings con- 
tained only keratinized epithelial cells and 
had no diagnostic value. 


Fig. 11 (Kimura and Thygeson). Molluscum cells. 
Drawing of a histopathologic section. 


FBS, 


Fig. 12 (Kimura and Thygeson). Drawing of 
virus particles expressed from a molluscum lesion. 
Loeffler’s flagella stain. 


Pyogenic granulomas of the lid margins 
were scraped and the scrapings studied cyto- 
logically ; they were loaded with polymorpho- 
nuclear leukocytes. 

Conjunctival melanoma. i-xamination of 
direct scrapings from two cases of conjunc- 
tival melanoma revealed an abundance of 
large, melanin-containing cells (fig. 13). The 
nuclei of these cells were large and had very 
prominent nucleoli. The amount of melanin 
varied but the cytoplasm of most of the cells 
was loaded with large and small pigment 


Fig. 13 (Kimura and Thygeson). Large melanin- 
containing cell. Photograph of scrapings from 
conjunctival melanoma. 
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particles. The diagnosis in both cases was 
evident clinically and confirmed histopatho- 
logically after surgical removal of the 
tumors. 


DISCUSSION 


The results of this study substantiate the 
previous conclusion that except for Neis- 
seria catarrhalis and diplobacillary ( Morax- 
Axenfeld) infections of the conjunctiva, all 
bacterial infections produce a polymorpho- 
nuclear cell reaction. The viruses of the 
Chlamydozoaceae family were also pyogenic. 
Like the streptothrix conjunctivitis second- 
ary to a canaliculitis, both nocardial and 
monilial keratitis were characterized by a 
polymorphonuclear cell reaction. 

The demonstration of a mononuclear cell 
reaction is considered significant in diagnos- 
ing a typical virus infection or a disease 
probably due to a virus such as acute follic- 
ular conjunctivitis, Beal. Herpes-simplex 
virus, the virus of epidemic keratoconjuneti- 
vitis, and the virus of molluscum contagio- 
sum all induced a lymphocytic reaction 
which had considerable diagnostic value 
when correlated with clinical and bacterio- 
logic findings. 

Very little is known about the function of 
lymphocytes and the mononuclear cells in 
general. Lymphocytes have very little phago- 
cytic power and yet a great migration of 
them occurs in chronic inflammations, Round 
cell infiltration and regional lymphadenop- 
athy are apparently concerned with anti- 
body formation, and it has been suggested 
that the lymphocytes function as trepho- 
cytes,’ that is, as cells supplying nutrition. 

In our preliminary report the cytologic 
findings in conjunctival epithelial scrapings 
from cases of vitamin-A deficiency were re- 
garded as diagnostically reliable in all cases. 
Since that paper was written, however, we 
have seen three cases of epithelial plaque of 
the conjunctiva which were unaffected by 
vitamin-A therapy but in which the cytologic 
picture was identical with that of vitamin-A 
deficiency. In fact no differentiation between 


these two conditions seemed possible on a 
cytologic basis. 

Partially keratinized epithelial cells of the 
conjunctiva are a characteristic of kerato 
conjunctivitis sicca and highly specific. Simi 
lar partial keratinization of epithelial cells 
was also found in scrapings from two cases 
of Bowen's disease of the conjunctiva and 
cornea. These two diseases can be readily dif 
ferentiated on the basis of clinical differ- 
ences, however, and on the fact that in 
Bowen's disease there are neither goblet 
cells nor excessive mucus. 

Typical molluscum cells, which we believe 
to be pathognomonic of molluscum contagi 
osum, are to be found in curettings of mol. 
luscum nodules. The reliability of this cell 
as a basis for diagnosis appears to be equal 
to the reliability of the histopathologic find 
ings. In none of our cases of molluscum 
conjunctivitis have we been able to find 
molluscum inclusions in conjunctival serap- 
ings, and from this we deduce that the con 
junctivitis is either toxic or allergic, Mol- 
luscum nodules of the conjunctiva, although 
reported in the literature, have not been seen 
by us. 

Repeated attempts to identify specific cell 
changes in lid margin scrapings from cases 
of herpes zoster, the common wart, and 
infectious papillomatosis of the conjunctiva 
have been unsuccessful. 

The diagnostic value of cell inclusions 
has long been established and many searches 
for inclusions in preparations of exfoliated 
material from ocular disease have been made 
since the findings of Halberstaedter and 
Prowazek in 1907. In our studies only five 
types of inclusions have been identified in 
scrapings from ocular tissue, that is, the 
inclusions of trachoma, inclusion blennor- 
rhea, vaccinia, molluscum contagiosum, and 
lymphogranuloma venereum. In_ herpetic 
keratoconjunctivitis we have failed consist- 
ently to find the intranuclear inclusion bodies 
in scrapings from the conjunctiva, cornea, 
or lids, even though they are easy to see in 
histopathologic sections. The chromatin of 
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the nucleus probably covers the intranuclear 
inclusion in the intact cell. We had hoped 
they would be demonstrable by special stains 
or phase microscopy but so far this has not 
been the case. 

The inclusions of trachoma and inclusion 
blennorrhea are morphologically identical. 
Braley"' noted that more of the inclusions of 
inclusion blennorrhea are to be found in 
scrapings from the lower tarsal conjunctiva 
than from the upper, and that in trachoma 
more are to be found in scrapings from the 
upper tarsal conjunctiva than from _ the 
lower. We have confirmed this finding and 
regard it as a valuable laboratory aid in the 
differentiation of the two diseases. 

In considering other indications of virus 
activity we have noted a_ characteristic 
lymphocytosis or monocytosis in conjunc- 
tival viral infection. There have also been 
more multinucleated epithelial cells in scrap- 
ings from viral diseases than in scrapings 
from bacterial infections. The significance of 


this is not as yet clear. In mucous membrane 
scrapings from herpetic keratoconjunctivitis 
we have searched unsuccessfully for the bal- 
loon cells which Blank? reported finding in 
herpetic vesicles. 


CONCLUSIONS 


1. The present study amends and extends 
our previous report of the cytology of ocular 
disease and indicates that cytologic exam- 
ination of conjunctival scrapings and exu- 
dates should be part of the routine examina- 
tion of every eye infection. 

2. Cytologic examination of ocular tumors 
was rewarding and should be further in- 
vestigated, 

3. The recently described virus diseases, 
that is, “Greeley disease” and Newcastle- 
disease conjunctivitis, both produce a mono- 
nuclear cell reaction. 


The Medical Center (22). 
220 Meridian Road (26). 
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DISCUSSION 


Dra. Arson E. Bratey: This is an excellent piece 
of work, and should emphasize to all of you the 
importance of scrapings of the conjunctiva and 
the cornea in cases of conjunctivitis, keratitis, or 
any inflammation in that region. 

I would like to put on record for your informa- 
tion some additional evidence of how important 
scrapings from a corneal ulcer may be. 


A number of years ago | was referred a patient 
in New York who had a corneal ulcer that had 
heen present for approximately four months. Scrap- 
ings from the ulcer showed a most peculiar 
histology. There were a few polys, not many, and 
a great many epithelial cells. However, there was 
the most peculiar-shaped organism present, one 
with which I was not familiar. It turned out to be 
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a specific type of diatome that occurs in only one 
area of the world, and that is on the White Cliffs 
of Dover. 

This diatome is characteristic, and I had to look 
in a number of books in order to find it. The first 
thing I thought of was that it came from the 
water ; but since it occurred only on the White Cliffs 
of Dover (it had a nucleus and sharp spines that 
were very characteristic), I asked the man if he 
had ever been to England. He said yes, and that he 
had been telling all the doctors ever since he got 
it, but he hadn't told me because they wouldn't 
believe him and he thought | wouldn't, either. 

He said they landed at Southampton. He said, 
“I thought I got something in my eye while I was 
taking a walk along the beach. That was the 
beginning of my corneal ulcer.” No one would pay 
any attention to that history because they couldn't 
find any evidence of a foreign body. 

If a simple scraping had been taken, a diagnosis 
could have been made. The use of 1/5,000 copper 
sulfate as solution drops in the eye cured the ulcer 
that had been present for several months. 

I believe scrapings probably are more important 
than cultures from the conjunctiva. They give the 
ophthalmologist a great deal more information 
about what is present in the eye than he gets many 
times from cultures that may be taken any place. 

I would like to congratulate Dr. Kimura and 
Dr. Thygeson on these excellent additions to the 
importance of scrapings from the conjunctiva, and 
emphasize to you the necessity of continuing to 
take scrapings and to look at them for the presence 
of many organisms. 

De. James H. Atcen: | would like to emphasize 
Dr. Braley’s compliments to the authors. I think 
they have done a beautiful piece of work. 

| would like to add a few poimts that I think are 
of practical importance. First, | would like to 
emphasize the importance of making these exam- 


inations when the patient is first seen and not after 
a series of treatment failures. If the examinations 
are made before the patient has had any treatment, 
it makes the diagnosis and the differential diagnosis 
much simpler. 

| also would like to emphasize a point which I 
believe the authors made, and that is the importance 
of the ophthalmologist making the examination of 
the secretion smears and scrapings. Most of the 
laboratories around the country are willing to do 
the work but on the average their interpretations 
of secretion smears and scrapings from the eye are 
rather poor. Until one can train a technician to 
recognize the relative importance of the various 
features emphasized by Dr. Kimura today, it is 
much better to examine the material oneself 

Finally, I would like to point out a couple of 
causes of confusion in the recognition of virus 
inclusion bodies. One of these is prgment granules 
in epithelial cells. We see a number of highly pig 
mented individuals, and very dark-complexioned 
persons, in my part of the country. Very fre 
quently pigmented epithelial cells are found in 
scrapings from their eyes. The uninitiated have a 
tendency to call these inclusion bodies. They are 
inclusions, but not virus inclusions. 

Another important thing which I believe causes 
confusion with virus inclusion bodies is phagocytic 
mononuclear cells. When found in cases of tra 
choma they are referred to as Leber cells. How 
ever, we have been finding these cells in small 
numbers in an increasing number of chrome im 
flammatory lesions of the conjunctiva. On several 
occasions I have been asked if cells of this type 
were not cells containing virus inclusion bodies. 

While I do not believe these cells are pathog- 
nomonic of trachma, I would like to emphasize 
the pomt Dr. Thygeson has made on repeated 
occasions, that an abundance of phagocytic mono 
nuclear cells is highly suggestive of trachoma. 


FURTHER STUDIES ON THE NATURE OF THE EXOPHTHALMOS- 


PRODUCING PRINCIPLES IN PITUITARY EXTRACTS* 


Georce K. Smevser, Pu.D., anp V. Ozanics, M.S. 
New York 


Although it has been assumed by many 
that both clinical and experimental exoph- 
thalmos are caused by the thyrotrophic hor- 
mone, no proof of this assumption has been 
forthcoming. Indeed, evidence requiring 
modification of this idea has been presented’ 
showing that at least two anterior pituitary 
factors are involved in the production of ex- 
perimental exophthalmos, one of these prob- 
ably being adrenocorticotrophic hormone 
(ACTH), and the other possibly the thy- 
roid-stimulating hormone (TSH). A recent 
report that thyroid-stimulating hormone is 
not involved in the production of exoph- 
thalmos in fish will be discussed later. 

It has been shown’ that relatively pure 
anterior pituitary preparations of growth 
hormone, prolactin (luteotrophin), ACTH, 
gonadotrophins follicle-stimulating _hor- 
mone—F SH, and luteinizing-hormone—LH 
or ICSH), do not, when injected alone, cause 
exophthalmos, edema, and enlargement of 
the orbital fat or hypertrophy of the Hard- 
erian gland. However, in view of experi- 
ments showing that exophthalmos results 
from the action of more than one pituitary 
factor, it is possible that, though not active 
alone, these hormones may be involved in 
exophthalmos when present in combination 
with others. 

The evidence for this was drawn from 
experiments in which exophthalmos and 
orbital modification in guinea pigs resulted 
from the combined injection of ACTH and 
crude anterior pituitary preparations, 
whereas, no exophthalmos was produced 
when these materials were given alone. 

It was concluded that some substance in 
the ACTH preparation (probably ACTH 


*From the Departments of Ophthalmology and 
Anatomy, Columbia University College of Physi- 
cians and Surgeons. 


itself) potentiated the exophthalmogenic ma- 
terial in the crude pituitary extract. The 
identity of the potentiating agent and of the 
active substance in the crude extract is the 
subject of the present report. 


MetTHops 


The experiments were conducted as de- 
scribed previously. Young female albino 
guinea pigs (280 to 300 gm.) obtained from 
a single dealer were thyroidectomized 10 
days prior to the first administration of the 
hormone preparations. The subcutaneous in- 
jections were given daily for 12 days in 
aqueous solution, with the exception of cor- 
tisone (Cortone acetate, Merck) and ACTH 
gel (Armour), which were given as supplied 
by the company. The animals were killed 
the day following the last injection and a 
complete autopsy was performed. 

Vernier caliper measurements of the dis- 
tance from the skull, at the supraorbital 
notch, to the limbus is the value given in the 
charts to indicate exophthalmos. In addition, 
the greatest distance between the apices of 
the corneas, together with the interorbital 
measurement of the skull, was also recorded. 
All measurements were made post mortem 
after the lids had been removed and the 
orbital vessels emptied. 

The orbital contents were dissected, the 
fat, muscles, and glands weighed separately, 
fixed for histologic examination, and _ the 
degree of edematous infiltration of the fat, 
characteristic of exophthalmos, noted. The 
autopsy data are shown in the charts. 

Except for ACTH, all of the hormone 
preparations’ used were assayed as an inte- 


We wish to express our thanks for the co- 
operation of Dr. Sanford L. Steelman of the Bio- 
chemical Research Department of the Armour 
Laboratories, and for the generous supply of the 
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TABLE 1 
ACTIVISTS BQUIVALENT STANDARDS 


Standard 
Dail Dosage Beet 

Preparations (TSH Pituitary 

(mg units*) Extract 
(mg. 
Growth Hormone’ 5.0 Containing growth activity equivalent to 80.0 
Growth Hormone’ 2.0 1.0 Containing growth activity equivalent to 50.0 
Thyrotrophic Hormone* 2.5 50 Containing thyrotrophic activity equivalent to 5.0 
Horse anterior pituitary 8.0 1.0 Containing thyrotrophic activity equivalent to O.1 
Gonadotrophin* 6.0 1.0 Containing gonadotrophic activity equivalent to 10.0 
Conadotrophin® 4.0 1.0 Containing gonadotrophic activity equivalent to 40.0 
Prolactin® 2.0 1.0 Containing prolactin activity equivalent to 40.0 
ACTH Gel’ 5U 0.25 Containing ACTH activity equivalent to 40.0 


- 


- One TSH unit is the utabinal oubehiiaii causing hypertrophy of the chick thyroid and is equivalent to 


1.0 mg. of U.S.P. thyrotrophin reference substance containing 0.05 mg. U.S.P. thyrotrophin unit which ha 


been obtained through the courtesy of Nr. Nichols of the U.S.P. Reference Standards, U, 


Convention, Inc. 


S. Pharmacopoeial 


‘ Armour growth hormone BGH 369-265 (beef origin). 


* Organon growth hormone Res. P. 279. 


* Organon thyrotrophic hormone No. 17510, equivalent in potency to the U. 


S. P. standard. 


* Armour pituitary gonadotropin (F.S.H.) K 45308 R (pig origin). 


Armour 


* Squibb | 
7 Armour H.P. ACTHAR Gel 


gral part of the experiment. These tests also 
were carried out as described earlier and 
the preparations were assayed against a 
standard beef pituitary extract; the various 
activity equivalents to it are stated in Table 
1. The exophthalmos-producing activity of 
this standard had been determined earlier 
and its potency in this respect is given in the 
charts. The standard beef and horse pituitary 
extracts were made in the laboratory as de- 
scribed previously, and are identical with 
those used in that publication.’ 

Several groups of experiments were de- 
vised and are described under the following 
headings : 


Armour products which were used in these ex- 
periments. 

We are indebted to Dr. K. W. Thompson of 
Organon, Inc., for his contribution of thyrotrophic 
and growth hormones. 

The prolactin preparation used in this experi- 
ment was obtained through the courtesy of Dr. A. 
Borman of E. R. Squibb and Sons. 

The ACTH-B sample 52R6239 was received 
through the kindness of Dr. Norman G. Brink of 
the Research Division of Merck and Company, 
Ine. 


ituitary gonadotropin #317-115 (horse origin). 
rolactin 71713, having a rye potency of 20-25 1. 


per mg. 


305, prolonged action, 40 Armour units per cc. 


I. The nature of the potentiating agent in 

the ACTH preparation 

Il. The nature of the material in pituitary 

extracts which, together with the potentiator, 
causes exophthalmos. 

1. The role of growth hormone, prolac 
tin, gonadotrophins in the etiology of 
exophthalmos. 

2. The effect of small quantities of thy 
roid-stimulating hormone on exophthal 
mos. 

3. The effect of combinations of pituitary 
hormones in the production of exoph 
thalmos. 


PERIMENTAL 
I. NATURE OF POTENTIATING AGENT 


Twelve thyroidectomized guinea pigs were 
injected with a combination of five units of 
ACTH in gelatin (Armour) and five mg. 
of the standard beef pituitary extract daily, 
which resulted in a good exophthalmos and 
orbital changes, as have been described. Five 
mg. of this same standard extract did not 
cause exophthalmos, nor did this quantity of 
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Chart 1 (Smelser and Ozanics). Effect of cortisone on the orbital weights and exophthalmos measure- 
ments. (Five units/day Armour high potency ACTHAR Gel M21305 prolonged action. All ACTH used 
in these experiments was of this type unless otherwise noted. Fifty to 100 gamma/day Merck ACTH-B 
Corticotropin No. 52R6239 in a vehicle of 16-percent gelatin. Thyrotrophic hormone, Organon No. 17510 


equivalent in potency to the U.S.P. standard substance. ) 


ACTH when given alone. This experiment 
was repeated with a more highly purified 
ACTH-B, which was found by assays, in 
the Merck Laboratories, to possess about 150 
times the activity of the Armour standard 
material, The method of its preparation has 
heen reported.”’* 

Daily injection of 50 to 100 gamma of 
ACTH-B, together with five mg. of the 
standard extract, produced an excellent ex- 
ophthalmos and even more marked hyper- 
trophy of the orbital contents than did the 
original ACTH gel preparation, thus indi- 
cating that the potentiating agent is, in fact, 
ACTH. Presumably, the latter acts by stim- 
ulating the production of adrenal steroids, 
which would be the material directly acting 
synergistically with the pituitary extract to 
produce exophthalmos. 

Cortisone was selected as an example of 
such a steroid and 2.5, 5.0, or 12.5 mg. were 
given daily together with five mg. of the 
standard beef extract into a group of 14 
test guinea pigs. Exophthalmos resulted with 


all three doses of cortisone and was greater 
when the larger amounts were given. The 
modification of the orbital fat was striking, 
but that of the Harderian gland much less 
so. 

It appears evident that the potentiating 
agent in the ACTH preparation is ACTH 
itself, and that it acts by increasing the pro- 
duction of some adrenal steroid such as 
cortisone. The possibility that either corti- 
sone or ACTH might act directly on the 
orbit was tested by treating a series of 
guinea pigs with large doses of either corti- 
sone or ACTH alone. Two groups of six 
guinea pigs each were injected with 5.0 or 
12.5 mg. cortisone, and a third group of 
seven guinea pigs was treated with 20 units 
ACTH daily for 12 days. These amounts, 
32.0 mg. cortisone/kg. body weight/day and 
50 units ACTH gel/kg. body weight/day 
were considered heavy doses and are more 
than twice that given in most of the other 
experiments. 

A slight increase in the protrusion in the 
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Chart 2 (Smelser and Ozanics). Effect of cortisone on the orbital fat and exophthalmos measurements 
(Five units/day Armour high potency ACTHAR Gel M21305 prolonged action. All ACTH used in these 
experiments was of this type unless otherwise noted. Fifty to 100 gamma/day Merck ACTH-B Cortico 


tropin No. 52R6239 in a vehicle of 


globe was obtained with both materials; the 
orbital fat was somewhat hypertrophied, and 
there was a minimal increase in the weight of 
the Harderian gland. ACTH was more et- 
fective than the larger dose of cortisone m 
all three respects; however, in no casé was 
a clear-cut exophthalmos obtained, although 
a tendency in this direction was noted. The 
effect of cortisone on the orbital weights 
and exophthalmos measurement is indicated 
by a dotted line on Charts 1 to 3. 


Il. NATURE OF THE POTENTIATED SUBSTANCE 


It is evidenct that small quantities of the 
standard beef pituitary extract will produce 
exophthalmos when administered in con- 
junction with ACTH or cortisone, but, since 
all known pituitary factors are present in this 
extract, whether one of these or some other 
factor is exophthalmogenic is unknown. In 
earlier studies separate pituitary hormones 
were tested for their ability to produce ex- 
ophthalmos, but not in conjunction with 
ACTH or corticosteroids. 

A series of experiments were therefore 


16-percent gelatin 
equivalent in potency to the U.S.P. standard substance. ) 


Thyrotrophic hormone, Organon No. 17510 


carried out in which relatively pure prepara- 
tions of either growth hormone, prolactin, 
gonadotrophins, or thyrotrophin were in- 
jected together with five mg. cortisone. Corti 
sone was chosen as the potentiating agent, 
since the problem of contamimation with: pi 
tuitary factors does not arise as it would if 
ACTH were used. 

Prolactin and two different preparations 
each of growth hormone and gonadotrophins 
were used--one Of the latter was prepared 
from pig, and the other from horse pituitary 
glands and differed in the relative amount 
of follicle-strmulating hormone and lutein 
izing hormone they contained. The potency 
of each preparation in relation to the stand 
ard beef extract, and the degree of con 
tamination with thyroid-stimulating 
mone, is given in the table. The quantity of 


hor- 


each hormone given per day contained two 
to 16 times that of the particular physiologic 
activity of five mg. of the standard beef 
preparation. Therefore, if exophthalmos was 
the interaction of cortisone with 
either the growth hormone, prolactin, or the 


due to 


150 GEORGE K. SMELSER AND V, OZANICS 


OF | TREATMENT MAROERIAN GLAND (mq) 
CAMS Certieene 180 270 4 $60 404 
10 CONTROL 0 - 

0 400 40.0 | 

0 so | $0 ~ 
ecerar 26 60 6.0 
ecerar $0 $0 + 
worse ar ‘26 10 60 
‘ Tow 5 $0 20 0.1 + 
2s 40 or + 
1S $0 o*4 + 
60 “as 60 - 
PROLACTIN 60 “ao 20 
5 650 1.0 €0 - 

Ne 
‘ $0 ‘20 

+ 

Ww 

Contre! 

Certisene 


Chart 3 (Smelser and Ozanics). Effect of cortisone on the Harderian gland and exophthalmos measure- 
ments. (Five units/day Armour high potency ACTHAR Gel M21305 prolonged action. All ACTH used 
in these experiments was of this type unless otherwise noted. Fifty to 100 gamma/day Merck ACTH-B 
Corticotropin No. 52R6239 in a vehicle of 16-percent gelatin. Thyrotrophic hormone, Organon No. 17510 


equivalent in potency to the U.S.P. standard substance. ) 


gonadotrophin contained in the standard ex- 
tract, it would certainly also be produced 
when these hormones were given singly with 
cortisone. 

The results of these experiments are sum- 
marized in the charts. In no case was exoph- 
thalmos nor unequivocal changes in the fat 
or Harderian gland evoked. Since similar 
results were obtained, data from the experi- 
ments with only one. growth hormone 
and one gonadotrophin are shown in the 
charts. 

Both prolactin and the gonadotrophin K- 
45308R produced some hypertrophy of the 
orbital fat over that caused by the cortisone 
injected controls. In these few cases the 
modification was in the direction of exoph- 
thalmos (that is, slight edema and hyper- 
trophy), but the change was not great and 
certainly not in proportion to the prolactin 
or gonadotrophic activity contained in the 
extracts. These experiments very clearly 
show that the exophthalmogenic factor in 
the standard pituitary extract potentiated by 


cortisone is none of these hormones acting 
alone. The fact that more than one growth 
and gonadotrophic preparation was used 
strengthens this conclusion. None of the 
purified preparations contained appreciable 
thyroid-stimulating hormone, although there 
is little doubt that traces were present. 

These hormones, ACTH plus perhaps 
other potentially active substances, are found 
in crude extracts of horse pituitary gland, 
which is very deficient in thyrotrophin. Such 
a preparation was very carefully assayed 
and 8.0 mg. found to contain but one thyroid- 
stimulating hormone unit as defined in the 
present study. Daily injection of eight mg. of 
the horse pituitary extract plus 12.5 mg. 
cortisone resulted in an excellent exoph- 
thalmos with the usual orbital modifications, 
save that the changes in the fat were rela- 
tively less striking than those of the Hard- 
erian gland. 

Although the amount of thyroid-stimulat- 
ing hormone administered daily was ex- 
tremely little, both in the experiments with 
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the horse pituitary extract and in those using 
purified preparations, it was evident that a 
check was necessary on the possible action 
of small quantities in thyrotrophin when ad- 
ministered with cortisone. A relatively pure 
(equivalent in activity to the U.S.P. standard 
substance) thyrotrophin was carefully as- 
sayed and administered together with corti- 
sone. 

Three groups totaling 20 guinea pigs were 
given daily injection of 0.1 mg., 0.2 mg., 
or 0.4 mg. (2, 4, or 8 thyroid-stimulating 
hormone units) plus 5.0 to 12.5 mg. 
sone. Even the smallest quantity of this 
thyroid-stimulating hormone containing ex- 
tract produced slight but unmistakable 
changes in the orbital fat and the protrusion 
of the globe. The surprising effectiveness of 
minute quantities of thyrotrophic extract, 
in the presence of cortisone, together with 
the absence of effect of the other recognized 
anterior pituitary factors (growth, prolac 
tin, and gonadotrophin), lead one to believe 
that the exophthalmos and orbital fat changes 
at least are the result of thyroid-stimulating 
hormone plus adrenocorticoid action. How- 
ever, the thyroid-stimulating hormone ex- 
tract used was known to possess other phys- 
iologic activities. 

In earlier experiments hypertrophy of both 
the orbital fat and Harderian gland always 
resulted from injection of pituitary extracts. 
In the present study there 1s some indica- 
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Chart 4 (Smelser and Ozanics). 
Variation in response of orbital fat 
and Harderian gland to extracts 
containing similar quantities of thy- 
rotrophin. 
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tion that these two tissues do not react to 
identical factors. These suggestive data are 
shown in Chart 4. The thyroid-stimulating 
hormone potency of all of the extracts ad- 
ministered is approximately the same, and 
in three instances the orbital fat hypertrophy 
was approximately 140 percent and that of 
the Harderian gland about 117 percent. In 
other experiments the fat hypertrophy was 
as great, or greater, but the Harderian gland 
response was essentially nil. 

Although combinations of cortisone with 
either growth hormone, prolactin, 
nadotrophin failed to produce exophthalmos 
in two instances slight modification of the 
orbital fat was noted. Since the 
preparations used were not pure, it is con 


or go 


hormone 


ceivable that they may have contained traces 
of some material with exophthalmogenic 
action or that they would have been effective 
if combined with other hormones. lor these 
reasons combined injections of several of the 
purified fractions were made in an attempt 
to simulate the effect of the thyrotrophin-poor 
hormone mixture of the horse pituitary ex- 
tract. Six guinea pigs were treated with a 
combination of growth hormone, prolactin, 
and cortisone containing less than 1.5 thy- 
roid-stimulating hormone units as 
taminant. No exophthalmos nor hypertrophy 
of the Harderian gland resulted. There was, 
however, some change in the orbital fat 
which was suggestive of exophthalmos, 
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A second experiment of this type was 
carried out on six guinea pigs in which all 
of the hormones save thyroid-stimulating 
hormone were combined. The quantities in- 
jected daily were growth hormone 2.5 mg., 
prolactin 1.0 mg., gonadotrophin 4.0 mg., 
ACTH 10 units, cortisone 5.0 mg., and 
thyroid-stimulating hormone, as a contami- 
nant of these, less than two units. Definite 
exophthalmos was obtained in all cases (see 
chart) with marked edema and enlargement 
of the orbital fat, and a moderate hyper- 
trophy of the Harderian gland. 


The thyroid-stimulating hormone activity 


of the combined injections was determined 
both by totaling the quantities that had been 
found in each preparation when assayed sep- 
arately, and also by subjecting test chicks 
to the same combination of injections which 
were given the guinea pigs. These tests were 
made at two-dose levels using 10 chicks per 
group, and included a U.S.P. thyrotrophic 
standard for comparison. The thyroid weight 
response to the combination was not greater 
than that given by two thyroid-stimulating 
hormone units of this standard. 


DISCUSSION 


The experiments reported here confirm 
our earlier conclusion that at least two an- 
terior pituitary factors are involved in the 
production of experimental exophthalmos. 
That ACTH, acting through the adrenal 
cortex, is one of these seems to be well 
established by the effectiveness of ACTH-B 
and of cortisone in potentiating exophthal- 
mogenic extracts. The observation on the 
latter substance substantiates that of Ater- 
man.* 

Preliminary experiments with steroids 
other than cortisone have shown that this 
action is not limited to this particular steroid. 
Whether the ACTH and the adrenal cortex 
are requisite to, or merely accentuate, the 
exophthalmogenic process is not known. 

Cortisone (32 mg./kg./day) does not 
produce exophthalmos in guinea pigs, as 


has been reported to occur in the rat.® 
However, both ACTH and cortisone exert 
some effect on the orbital tissues which may 
result from potentiation of endogenous pi- 
tuitary factors. A slight increase in ocular 
protrusion, edema, and size of orbital fat 
result from thyroidectomy alone, which tends 
to modify the orbital tissues in the direction 
of exophthalmos. This process appears to be 
accentuated by ACTH or cortisone admin- 
istration. 

The mechanism by which adrenal steroids 
potentiate exophthalmos production by pi- 
tuitary extract is not established. Some in- 
vestigators have reported that cortisone ad- 
ministration provokes morphologic §indica- 
tion of thyroid hyperactivity,’ although the 
reverse effect on thyroid function (1'*' up- 
take) has been found by others.’ D'Angelo” 
has suggested that cortisone augments the 
secretion of thyrotrophin by the hypophysis. 
If this should be true in exophthalmic ani- 
mals, it contributes to our understanding of 
the mechanism of cortisone action in these 
cases and emphasizes the importance of the 
thyrotrophic hormone in the etiology of 
exophthalmos. ©n several occasions corti- 
sone injection has been found to cause slight 
hypertrophy of the day old chick thyroid; 
however, it did not augment the response to 
small test doses of thyrotrophic hormone. 

Although gonad hormones themselves may 
affect exophthalmos,’ 
showing that the gonadotrophins do not. 
(,00d exophthalmos has been produced with 
and without indication of gonadotrophic ac- 
tivity, and an active gonadotrophic prepara- 
tion failed to produce an exophthalmos. The 
animals with good exophthalmos, produced 
by horse pituitary extract, had ovarian and 
uterine weights of 328 mg. and 945 mg. re- 
spectively (control value 48 mg. and 706 
mg.). In contrast, guinea pigs with even 
better exophthalmos, caused by a purified 
thyroid-stimulating hormone extract, had 
ovarian and uterine weights of only 81 mg. 
and 431 mg. respectively. A purified horse 


evidence is available 


gonadotrophin failed to produce an exoph- 
thalmos, but the ovarian and uterine weights 
were 350 mg. and 1,298 mg. 

No evidence was secured that prolactin 
played a role in any of the orbital changes 
proportional to its hormonal activity. Like- 
wise, no indication could be found that 
growth hormone also has a role in exophthal- 
mogenesis. This is of special interest in view 
of the many reports that exophthalmogenic 
extracts contain considerable quantities of 
has 
recently shown that the fat mobilizing factor 
is found in purified growth hormone extracts 
which are extremely active when admin- 


the fat mobilizing principle.” Levin 


istered in combination with cortisone. The 
failure of growth hormone and _ cortisone 
injections to cause exophthalmos in the pres- 
ent experiments casts strong doubt on the 
identity of the fat-mobilizing and exoph- 
thalmogenic factors. 

Although very small quantities of thyro- 
trophic extracts produced exophthalmos and 
orbital fat modification, it is somewhat diff- 
cult to ascribe their effects entirely to the 
thyrotrophin they contain. The data pre- 
sented here (see charts) show that apprect- 
ably greater skull-limbus measurements are 
obtained when the quantity of injected stand- 
ard beef extract was increased two or four 
times. Therefore, some significance may be 
attached to differences in ocular protrusion 
on the order of 0.5 to 1.0 mm. 

Administration of the combination of hor- 
mones included less than two thyroid-stimu- 
lating hormone units and resulted in an 
in the 
of 0.8 mm. A total of eight thyroid-stimulat- 
ing hormone units was required to produce 
a similar exophthalmos when the purified 
thyrotrophin was used. Only one thyroid- 
stimulating hormone unit of horse pituitary 
extract was required to duplicate the action 
of eight thyroid-stimulating hormone units of 
the purified preparation. 

A similar situation exists with respect to 
the orbital fat which increased in weight 


increase skull-limbus measurements 
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appreciably as larger amounts of standard 
beef extract were given. Two and four 
thyroid-stimulating hormone units of the 
purified thyrotrophin caused orbital fat hy- 
pertrophy of 40 to 50 percent, whereas, a 
hypertrophy of 83 percent occurred when 
two thyroid-stimulating hormone units in 
the 


administered. Eight thyroid-stimulating hor- 


form of the combined hormones was 


mone units of the purifed thyrotrophin were 
required to cause a comparable (77 percent ) 
hypertrophy. 

These discrepancies lead to the conclusion 
that some factor other than thyroid-stimulat 
ing hormone and the adrenal steroids is 
involved. Too much confidence, of course, 
should not be placed on differences which 
are small and variable. The biologic assay of 
pituitary hormones is subject to difficulties 
which render questionable claims of great 
accuracy ; however, in this case we are deal- 
ing with a four-fold augmentation. 

The finding of Dobyns and Steelman 
that a thyrotrophin which was soluble in tri 
chloracetic acid failed to produce exophthal- 
mos in fish could have resulted from the 
separation of thyroid-stimulating hormone 
from the adrenal factor. Therefore, before 
thyroid-stimulating hormone may be com- 
pletely exonerated an experiment with a pure 
thyrotrophin must be made. 

The fact that cortisone augments exoph- 
thalmos caused by pituitary extracts is of 
significance in the understanding of its eti 
ology. It has been suggested that exoph- 
thalmos results the 
orbital connective tissue mast cells and the 


from an inerease in 
mucoids"* which, it ts postulated, their 
product. Some investigators'*"* find that cor 
tisone markedly reduces the number of mast 
cells and the quantity of connective-tissue 
mucoid. If exophthalmos does result from an 
increase in the quantity of orbital connective 
tissue mast cells and mucoid ground sub- 
stance, it is difficult to explain the striking 
augmentation of exophthalmos by cortisone, 
unless these reports are in error’ or orbital 


14 GEORGE K. SMELSER AND V. OZANICS 


connective tissue is very different in its reac- 
tion from that in other parts of the body. 


SUMMARY 


1. ACTH acting through the adrenal 
gland and adrenal steroids, exemplified by 
cortisone, augments the exophthalmos pro- 
duced in guinea pigs by anterior pituitary 
extracts, 

2. Neither ACTH nor cortisone in the 
quantities used in these experiments (32 
mg. cortisone or 50 units ACTH/kg./day) 
causes appreciable proptosis, although some 
orbital changes are produced which are sug- 
gestive of minimal exophthalmos. 

3. Exophthalmos is not produced through 
the interaction of cortisone with large quan- 
tites of either growth hormone, prolactin, or 
gonadotrophin. 

4, The reported fat-mobilizing effect of 
growth hormone plus cortisone, and the fail- 
ure of this hormonal combination to cause 
exophthalmos, strongly suggests that exoph- 
thalmogenic and fat-mobilizing factors are 
separate. 

5. Exophthalmos, edema, and hypertrophy 


of the orbital fat are produced by con- 
comitant administration of cortisone and 
small quantities of thyrotrophin in the form 
of either purified thyroid-stimulating hor- 
mone or crude horse pituitary extracts. 

6. It is difficult to explain the exophthal- 
mic changes solely on the basis of the quan- 
tity of thyroid-stimulating hormone admin- 
istered, because combined injection of 
several purified anterior pituitary hormones 
containing only traces of thyroid-stimulating 
hormone are more effective than equal quan- 
tities of a purified thyrotrophin; therefore 
some additional hypothetical exophthalmo- 
genic factor is postulated. 

7. The strong exophthalmos-augmenting 
effect of cortisone requires a critical exami- 
nation of the hypotheses : 

a. That exophthalmos results from an in- 
crease in the quantity of mast cells and mu- 
coid ground substance in the ‘orbital con- 
nective tissue. 

b. That cortisone markedly reduces the 
number of mast cells and mucoid ground 
substance of connective tissue. 


630 West 168th Street (32). 
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DiIscuSSION 


De. Arson FE. Brarey: You are all well ac- 
quainted with the work Dr. Smelser has done 
on exophthalmos over a period of many years. It 
is excellent work. 

Clinically I have been interested in this prob- 
lem, as many of you know. There is very little 
doubt that something in the pituitary produces the 


exophthalmos, and I believe this factor is probably 
related to the ACTH; at least clinically in some 
instances you can produce some exophthalmos with 
ACTH, 

| would like to issue a warning to those of you 
who use ACTH in quantities: You may stimulate 
an exophthalmos in a susceptible individual. 


CHANGES IN THE PHOSPHATE FRACTIONS OF THE LENS UNDER 
VARIOUS CONDITIONS WHICH INFLUENCE CATION TRANSPORT* 


James D. Hauscuitptr, M.D., Joun E. Harris, M.D., 
AND Loretta T. Norpourst, B.A. 
Portland, Oregon 


Previous reports from this laboratory’? 
have discussed the relationship between hy- 
dration and cation distribution in the lens 
and have described a reversible lenticular 
cation shift useful in the study of lens me- 
tabolism. In particular, these studies have 
shown that the rabbit lens loses potassium 
and gains sodium during refrigeration at 
O°C, During subsequent incubation at 37° 
C. in a proper environment, recovery toward 
the original cation composition occurs, Stud- 
ies of the factors affecting this redistribu- 
tion have indicated that the ability of the 
lens to reverse a cold-induced cation shift 


*From the John E. Weeks Memorial Labora- 
tory, Department of Ophthalmology, University 
of Oregon Medical School. Supported by Grant 
No. B-187 from the National Institutes of Health, 
National Institute of Neurologic Diseases and 


Blindness. 


provides a sensitive index of lens viability. 

The restoration of the cation distribution 
following refrigeration involves the move- 
ment of these ions against a concentration 
gradient and, therefore, requires energy. 
Studies of a variety of factors [including 
the effect of glucose and other monosaccha- 
rides, enzyme inhibitors, adenosine triphos- 
phate (ATP), oxygen, and certain metabo- 
lites of the tricarboxylic acid cycle**], have 
indicated that the energy for active cation 
transport across lenticular barriers generally 
derives from the metabolism of carbohydrate. 

Phosphorus plays an essential role in 
carbohydrate utilization. The present report 
concerns the effects of some conditions, 
known to alter cation transport, upon cer- 
tain phosphate fractions [inorganic, easily 
hydrolyzable, and organic acid-soluble 
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(OASP)] of the lens. Conditions were 
chosen for study which, as a group, pro- 
vided a wide range of effects on cation re- 
covery and phosphate fractions. 

In particular, the answers to the following 
three questions were sought : 

First, is there a causal relationship be- 
tween cation transport and the concentration 
of the high energy phosphates, those com- 
pounds which supply the immediate energy 
for most cellular work ? 

Second, is cation movement related to the 
total quantity of organic acid-soluble phos- 
phate in the lens ? 

Third, are the movements of inorganic 
phosphate and cations related ? 

A decrease in serum potassium and in- 
organic phosphate frequently occurs when 
carbohydrate utilization is stimulated in the 
intact animal.* The decrease in each instance 
is considered to result from the migration 
of the ions into the cell, the phosphate ac- 
cumulating as organic esters. 


Metruopvs AND MATERIALS 


To provide uniformity, lenses were 
handled in the same manner as in those ex- 
periments involving cation transport. Rabbit 
eyes were obtained from a rabbit slaughter 
house, the eyes being removed immediately 
after decapitation of the animal, dropped 
into normal saline at O°C., and transported 
to the laboratory where the lens was ex- 
tracted. Approximately one hour elapsed 
between enucleation and extraction. (The 
analyses listed in Table 1 as “Normal Fresh 
Lenses” are of lenses so treated. Control 
studies indicated that no significant change 
in the phosphorus fractions occurred during 
transportation to the laboratory. ) 

The lenses were then refrigerated at 0°C. 
for 41 to 45 hours in a modified Tyrode’s 
solution under the conditions indicated.* At 


* We have published elsewhere the nature of the 
cation exchange during exposure to cold, During a 
period of 41 to 45 hours the potassium concentra- 
tion of the lens drops from a normal level of 123.7 
mEq. per 1,000 gm. of water to 75-85 mEq. per 


the end of this time, one of a pair of lenses 
from the same animal was analyzed im- 
mediately while the other was incubated for 
an additional six hours at 37°C. Additional 
details of the method have been previously 
described.** 

For analysis, the lenses were rapidly 
weighed on a tissue balance and homog- 
enized in ice-cold, six-percent trichloracetic 
acid, Inorganic phosphorus was determined 
by the method of Fiske and Subbarow." 
Total acid-soluble phosphorus was measured 
as inorganic phosphorus determined after 
digestion of the filtrate with sulphuric acid 
and hydrogen peroxide. For the determina- 
tion of the seven-minute-hydrolyzable phos- 
phorus, a three ml. aliquot of the filtrate was 
heated with 0.8 ml. of 5N sulphuric acid in 
a boiling water bath for seven minutes prior 
to determination of inorganic phosphorus. 

Results are calculated as milligrams of 
phosphorus per hundred grams of wet lens 
weight. As listed in the table, the seven- 
minute-hydrolyzable fraction consists of the 
phosphorus determined after heating as de- 
scribed, less the inorganic phosphorus de- 
termined immediately. The organic acid- 
soluble fraction consists of the total acid- 
soluble phosphorus minus the inorganic 
phosphorus. Each tabulated result represents 
the average of at least five individual analy- 
ses. 

The phosphorus fractions here determined 
are essentially similar to those utilized by 
others.* The inorganic phosphorus is com- 
prised of orthophosphate and phosphates 


1,000 gm. of water. The increase in sodium concen- 
tration is roughly equivalent but usually somewhat 
greater. After this period of refrigeration, re- 
covery of the initial cation relationship during 
subsequent incubation at 37°C. in the basic medium 
is substantial .but not complete. If refrigeration is 
more prolonged the lens gradually loses viability 
and becomes incapable of significant cation re- 
covery. Recovery during incubation follows a first 
order curve and the new steady state is achieved 
by six hours. If incubation of refrigerated lenses 
is continued beyond this time, or if fresh lenses are 
incubated at 37°C., a potassium concentration 
greater than normal may be achieved. 


split from very unstable esters such as crea- 
tine phosphate. Although including the phos- 
phate from a variety of esters, the seven- 
minute-hydrolyzable fraction is considered 
a measure of such “high-energy” phosphates 
as adenosine triphosphate. For this study no 
attempt was made to determine or isolate 
the individual phosphate esters formed dur- 
ing the breakdown of glucose. 

The determination of the cation recovery 
has been previously described.* The cation 
recovery data here included have been or 
will be reported ** and are fe- 
corded here for convenience only. 


elsewhere, 


RESULTS 
EFFECT OF REFRIGERATION 
The phosphate fractions after refrigera- 
tion of the lens in various media are shown 
in Table 1. In general, those lenses that con- 
tained the least high-energy phosphate after 
refrigeration also showed the poorest re- 
covery of cation content during incubation 
at 37°C., suggesting that the uptake of po- 
tassium depends at least in part upon the 
high-energy phosphate fraction. 


Exceptions occurred, however, notably 


Media Additive or 
Condition Imposed 


Normal Fresh Lens | 56. 


1. None 57.1 
2. Massage | 74.3 
3. Anaerobic atmosphere 40.8 
4. Absence of glucose 
5. 0.01M pyruvate, no glucose 57.3 
6. 200 mg. % fructose, no glucose 48.5 
7. 500 mg. of fructose, no glucose | ae 
8. 200 mg. of galactose, no glucose | 54.0 
9. 0.001M adenosine triphosphate | aan 
10. 500 mg. % glucose and 0.001M adeno- | 
sine triphos ate | 68.3 
11. 0.001IM NaC! 
12. 0.025M iodoacetic acid 41.3 
13. 0.001M Galtrophencl * 


TABLE 1 


PHOSPHATE FRACTIONS OF THE RABBIT LENS DETERMINED APTER REFRIGERATION AT 0'C 
41-45 nours IN MODIFIED TYRODE’S SOLUTION WITH VARIOUS ADDITIVES 


Total 
Acid 
| Soluble 


‘Data here presented hive: (see text). 
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when the lens was massaged or bathed in 
media containing 0.001 M adenosine tri- 
phosphate or 0.001 M dinitrophenol. In these 
instances, a relatively high seven-minute- 
hydrolyzable phosphate level was observed, 
but the ability of the lens to concentrate po- 
tassium was limited. In general, cation trans 
port during subsequent incubation at 37°C 
was diminished if the initial level of easily 
hydrolyzable phosphate On the 
other hand, a comparatively high concen 
tration of this phosphate fraction did not 
guarantee good cation recovery. 

The concentration of organic acid-soluble 


was low. 


phosphorus observed after refrigeration was 
found to vary quite markedly with the pro 
cedure. No exact correlation between the 
level of organic acid-soluble phosphorus and 
the migration of potassium against a con 
centration gradient during subsequent in 
cubation at 37°C. 
where the concentration of 
soluble phosphorus was low following re 


was observed. However, 


organic acid 


frigeration, the ability of the lens to con 
centrate cations during subsequent incuba 
tion at 37°C. was limited, On the other hand, 
poor recovery was often observed when the 


FOR 


mg./100 gm. Wet Weight 
Potassium 
| Organic | y Recovery 
| | Minute | 
Inorganic Acid- | Percent 
Soluble | Hydrolyz- 
able 


46. 


| 


| 4s 


15.2 78 
6.8 iso | 13 
| 3.3 37.5 10.6 | 13 
84 {| 48.9 12.9 0 

| 4.3 64.0 10.9 78 

| 42.7 5.8 0 
| a: 12 
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organic acid-soluble phosphorus value was occurred during incubation at 37°C. are listed 
relatively high. in Table 3. It will be recalled that the move- 
While utilization of glucose by the Jens ment of cations against a concentration gradi- 
is virtually nil at O°C., it is interesting to ent may occur during this period. No cor- 
note that metabolic activity is far from sus- relation between the changes in the organic 
pended at this temperature. Thus, marked acid-soluble phosphorus or seven-minute 
changes in phosphate fractions do occur and, hydrolyzable fractions and active transport 
while these changes do not correlate exactly of cations was observed. If present, a rela- 
with the cation movement, it is obvious that tionship between the movement of inorganic 
lenses which have been refrigerated under phosphate and potassium should be most 
various conditions are not capable of the apparent during the recovery phase; that is, 
same response to the stimulus that subsequent during incubation at 37°C. following re- 
incubation at 37°C. provides. frigeration. 
The change in inorganic phosphorus con- 
EFFECT OF REFRIGERATION AND SUBSEQUENT centration in the lens does not of necessity 
INCUBATION AT 37°C. reflect the exchange of phosphate across the 
The phosphate fractions obtained after re- lens barriers since hydrolysis or synthesis 
frigeration and subsequent incubation are of organic phosphate may alter the level. 
listed in Table 2. Again, the active transport However, changes in the total acid-soluble 
of cations was not likely to occur in those phosphorus probably provide a fair index 
instances where the final values of high- of movement of inorganic phosphate, assum- 
energy phosphate and organic acid-soluble ing that the organic esters do not diffuse 
phosphorus were low. On the other hand, across the barrier. 


a comparatively high value of either did not Using this index, no relationship was 
insure movement of cations against a con- observed between cation movement and the 
centration gradient. movement of inorganic phosphorus. In cer- 


The changes in phosphate fractions which tain instances, for example, in the presence 


TABLE 2 


PHOSPHATE FRACTIONS OF THE RABBIT LENS DETERMINED AFTER REFRIGERATION AT O°C. For 41-45 HOURS 
AND 806i. ENT INCU BATION AT 37°C. POR SIX HOURS IN MODIFIED 
YRODE'S SOLUTION WITH VARIOUS ADDITIVES 


— 


"Phosphorus ~mg./ 100 gm. wet 
Media Additive or Seven- 
Condition Imposed total | | Minute- | ecovery— 
Acid Inorganic Acid- Hydrolyz- Percent 
Soluble Soluble able 

1. None 51.7 yy 44.0 11.9 78 

2. Massage 62.4 10.9 51.5 9.1 13 

3. Anaerobic atmosphere 38.1 8.6 29.5 6.0 13 

4. Absence of glucose 53.7 24.1 29.6 4.1 0 

5. 0.01M pyruvate, no glucose 51.4 18.3 33.1 7.1 0 

6. 200 mg. % fructose, no glucose 45.9 18.4 27.5 2.4 ww 

7. 500 mg. % fructose, no glucose 55.5 15.6 39.9 10.4 x4 

8. 200 m galactose, no glucose 65.9 15.9 50.0 11.2 9 

9. 0,001M adenosine triphosphate $3.3 11.0 42.3 10.5 36 
10, 500 mg. % Glucose and 0.001M adeno- 

sine triphosphate 46.7 7.2 39.5 7.6 78 

11. 0.001IM 80.0 13.6 66.4 7.7 0 

12, 0.025M lodoacetic acid 50.5 8.1 42.4 1.0 0 

13, dinitrophenol 16.5 52.4 11.0 12 


* Data here presented have been published elsewhere (see text). 
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TABLE 3 


CHANGES IN THE PHOSPHATE COMPOSITION OF THE RABBIT LENS WHICH OCCUR DURING INCUBATION aT 37°C, 
FOR SIX HOURS IN MODIFIED [YRODE'S SOLUTION WITH VARIOUS ADDITIVES, SUBSEQUENT 
TO REFRIGERATION aT O°C. ror 41-45 HouRS 


(The values were obtained by subtracting the appropriate data in Table 2 from that in Table 1) 


Phosphorus——mg./100 gm. Wet Weight 


Media Additive or | | 

Condition Imposed | Total Organic | Minute- ~ tne, 

| Acid Inorganic Acid- Hydrolyz- Percent 
Soluble Soluble | “able 
1. None | « §.4 +25 | — 7.9 -—3.3 78 
2. Massage —11.9 + 3.1 | ~15.0 | 14 
Anaerobic atmosphere 2.7 + 5.3 -80 | —4.6 13 
4. Absence of glucose | + 2.4 + 94 -~ 7.0 ~4.8 0 
5. 0.01M pyruvate, no glucose | §9 | + 9.9 ~1$.8 | 5.8 0 
6. 200 mg. fructose, no glucose — 2.6 +12.7 | ~8.1 
7. 500 mg. & teuc tose, no glucose + 4.9 | + 6.0 4.1 | —3.7 
8. 200 mg. o galactose, no glucose +11.9 | + 2.2 + 9.7 0 9 
9. 0.001M adenosine triphosphate - 08 | + 8.9 -~ 9.7 —4.0 M4 
10. 500 mg. % glucose and 0.001M adeno- | | 

sine triphosphate ~21.6 +2.9 | —24.5 —3.3 | 78 
11. 0.001IM NaCN | + 9.2 | 0 
12. 0.025M iodoacetic acid | - 0.5 | +9.7 | 0 
13. 0.001M dinitrophenol + 2.7 | 710.6 | ~ 7.9 | —S.3 12 


— 


* Data hens presented have been published nies (see text). 


of cyanide, a movement of inorganic phos- that active transport may not occur even 
phorus into the lens against a concentration when the concentration of the seven-minute 
gradient must have occurred, yet cation re- hydrolyzable fraction is relatively high may 
covery was nil. simply reflect the fact that cation distribution 
is a balance of many factors. Moreover, a 
static analysis provides no information con- 
The failure to demonstrate an exact cor- cerning the rate of turnover of the phosphate 
relation between the concentration of esters. 
organic acid-soluble phosphorus and cation 
recovery indicates that the physical-chemical 
properties of these substances (nondiffusible No exact correlation was observed be- 
anions) have little influence in cation distri- tween cation transport and the concentration 
bution. It is not surprising that cation re- of organic acid-soluble phosphorus or seven- 
covery is minimal or abolished when the minute-hydrolyzable phosphorus of the lens. 
concentration of organic acid-soluble phos- No parallel between the movement of cation 
phorus or seven-minute-hydrolyzable phos- against a concentration gradient and the 
phate is low. Of the two fractions the easily movement of inorganic phosphorus was ob- 
hydrolyzable phosphate best correlates with served. 
active transport of cations. The observation 3181 SW. Sam Jackson Park Road (1) 
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DISCUSSION 


Dra. A. M. Porrs: I would like to ask Dr. 
Hauschildt in particular whether the rate of inhibi- 
tion as glucose concentration goes up past 200 mg. 
percent drops off linearly or whether it drops off 
suddenly. 

As Dr. Patterson at Western Reserve has shown, 
there apparently is a direct connection between 
glucose level at the lens and cataractogenesis in 
diabetes. It is hard to conceive that glucose con- 
centration in a diabetic will remain significantly 
higher than 200 or 250 mg. percent over extended 
periods. If his concentrations become suddenly 
inhibitory above 200 mg. percent, it might be quite 
conceivable that this is a mechanism connected with 
diabetic cataract. If levels of 500 mg. percent are 
required for effect, it is a little difficult to conceive 
a physiologic role for this mechanism. 

I also would like to ask Dr. Harris whether, in 
the concentrations in which these inhibitors were 
used, and in consideration of the partial inhibition 
of glucose absorption, there is room for a con- 
siderable amount of glucose absorption by diffu- 
sion as well as by metabolic transfer. 

Dre. James H. Hauscunpr: I will answer Dr. 
Pott’s questions first. 

Does the rate of inhibition go up linearly? I 
can't give you as complete an answer as I would 
like to. We have not tested with phosphate meas- 
urements any concentrations between 200 and 500 
mg. percent of glucose. However, we have checked 
these different concentrations of glucose with re- 
spect to potassium and sodium recovery, and I can 
answer that the inhibitory effect is not linear. 

To elaborate a bit, we have investigated glu- 
cose by itself up to as high as 600 mg. percent, 
and to rule out osmotic effects we also have added 
sucrose to make the total osmotic pressure as 
much as one would get with 600 mg. percent of 
glucose. 

The sucrose itself has no marked effect. That 
would argue a bit against a strictly physical- 
chemical effect. In other words, we are not observ- 
ing a mass-action phenomenon. I can't fully answer 
the question about the utilization of glucose as it 
is influenced by concentration. I will refer that 
question to Dr. Harris. 

With respect to metabolic inhibitors such as 
iodoacetate-——-we recognize 0.01 molar as a very 
high concentration. We had no particular reason 
for picking it except that for about three years or 
so we have been using 0.01 molar metabolites such 


as members of the Krebs cycle, and other additives 
to the medium have been about 0.01 molar. This is, 
perhaps, poor justification for using iodoacetate at 
this concentration. I have an idea that the effects 
would be noticeable in much lower concentrations, 
because it is a rather specific enzyme poison. 

Dre. Jouw E. Harets (closing): We have been 
rather intrigued by the high level of glucose that 
we get in our diabetic lenses, Dr. Potts. We have 
done considerable work on that, which we did not 
report here because of time limitations, with the 
idea that generally one can demonstrate in vitro 
effects of insulin only in diabetic tissues. 

Our technique failed when we tried to use diabetic 
lenses. We took the lenses at the end of 60 hours 
(60 hours after the injection of alloxan), when the 
blood sugars ran from 350 to 600 mg. percent. At 
the end of that time we found a considerable con- 
centration of glucose in the lens, much higher than 
200 mg. percent. Generally it ran in the neighbor- 
hood of 300 to 400 mg. percent. Therefore, our 
technique was not reliable. 

Interestingly enough, under those circumstances 
we actually found a depletion of glucose when 
imsulin was added, suggesting that in diabetic 
tissues we may have an insulin effect that is not 
possible to demonstrate in normal tissues. The 
problem is being studied using Carbon-14 labeled 
glucose. 

I might add that we have used a wide range of 
concentrations of iodoacetic acid in our work on 
cation transport. We used it in considerably lower 
and somewhat in higher concentrations and, as a 
matter of fact, we did find that in lower concen- 
trations we get an inhibition of the cation trans- 
port. This happened to hit a relatively median 
value at the time of our experiments. 

The question of glucose utilization and the 
effect of concentration on it has not been specifi- 
cally examined in the lens to my knowledge. It 
has been examined by a number of experimentalists 
in other tissues, such as Wick and Drury, as well 
as others. Using concentrations up to 1,000 mg. 
percent and generally using the intact but 
eviscerated animal, they did find a steady increase 
in glucose utilization as the concentration was in- 
creased under the conditions of their experiment. 

We have not studied that problem with the lens 
since the utilization of glucose is too slight to be 
measured with accuracy when concentrations of 
500 to 1,000 mg. percent are employed. 


TRANSPORT OF GLUCOSE ACROSS THE LENS SURFACES* 


Joun E. Harris, M.D., James D. Hauscuicpr, M.D., 


AND Loretta T. Norpouist, B.A. 


It has been observed that glucose in suffi- 
ciently high concentration (500 mg. percent 
or more) has a deleterious effect on the 
transport of cations by the lens, and that 
adenosine triphosphate, which provides the 
immediate energy for the phosphorylation by 
which glucose enters the glycolytic cycle, 
tends to negate these adverse effects." 

These observations suggested that glucose 
might be metabolically active at some lens 
surface, and, furthermore, that the move- 
ment of glucose into the lens from the extra- 
lenticular medium might be metabolically 
mediated. Such a concept has, indeed, been 
advanced by Miiller, who observed that the 
glucose accumulated by the lens was de- 
creased in the presence of iodoacetic acid.’ 
The problem is important since the cause of 
various cataracts is often considered to be 
diminished supply to the lens of nutrient 
material, which normally consists mainly of 
glucose. 

Our interest in the problem was 
heightened by the prospect that study of the 
lens might contribute to a better understand- 
ing of the mechanism of glucose transport 
across cellular membranes in general, Un- 
like many cells, the lens normally contains 
an appreciable quantity of free glucose; 
hence measurement of its accumulation is 
feasible. In addition, the lens is an avaseu- 
lar structure which can be removed in its 
for in vitro study with little 
disturbance to its nutrient supply. For these 
reasons the lens was considered to be an 
excellent tissue for studies aimed at de- 
termining whether glucose crosses cellular 


entirety 


*From the John E. Weeks Memorial Labora- 
tory, Department of Ophthalmology, University of 
Oregon Medical School. Supported by a grant 
from the Diabetic Research Foundation of Port- 
land, Oregon. 


Portland, Oregon 


barriers by simple diffusion or metabolic 
mediation or both. | 

Two reasonable approaches to the prob- 
lem present themselves. The first involves 
measurement of glucose accumulation under 
various conditions in the lens incubated in 
media containing a relatively high glucose 
concentration, concomitant with studies of 
depletion of glucose from the medium, The 
second approach consists of measurements 
of the turnover of C**-labelled glucose. The 
present communication is concerned with 
the first approach. 


MeTHODS 


Rabbit lenses were used throughout. 
These were removed by a posterior ap- 
proach in a manner previously described.” 
Generally, two lenses from different animals 
were incubated at 37°C. in a small Erlen- 
meyer flask containing 10 ml. per lens of 
a modified Tyrode’s solution® to which extra 
glucose was added. 

The media was equilibrated with a 95 per- 
cent ©,-5.0 percent CO, mixture, except 
when anaerobic conditions were used. Un- 
less otherwise specified the glucose concen- 
tration employed was 400 mg. percent and 
the period of incubation six hours. Under 
these circumstances the glucose concentra 
tion of the bathing medium remained sub- 
stantially constant under all experimental 
conditions. 

At the end of the period of observation 
the lenses were rapidly weighed, the two of 
them homogenized together and the proteins 
preciptated with barium hydroxide and zinc 
sulphate. Reducing substance was deter- 
mined using the method of Somogyi* both 
before and after fermentation with yeast. 

Results are expressed as apparent glucose, 
which includes both the fermentable and 
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nonfermentable reducing substance, or as 
glucose, which is the fermentable reducing 
substance only. 

Employing the experimental procedure 
and analytic technique here described, there 
is little doubt that the fermentable reducing 
substance includes only free glucose. Such 
other reducing and fermentable substances 
as glucose-6-phosphate are precipitated 
by the barium hydroxide-zinc sulfate mix- 
ture. 

Concentrations are usually computed in 
units of wet lens weight, since the water 
content of the lens could not be determined 
under the conditions of this experiment. In 
specified instances results are expressed as 
concentration per unit of water, using a 
previously determined average water con- 
tent for normal lenses of the size employed 
(66 percent*®), With rare exception, each 
bar or point in the figures represents 
the average of at least eight analyses of as 
many pairs of lenses. 

In addition, the quantity of glucose lost 
from the bathing medium to the lens was 
determined under many of the conditions 
employed. For this purpose lenses were in- 
cubated singly for six hours in three ml. of 
a modified Tyrode’s solution (200 mg. per- 
cent glucose) and the change in glucose con- 
centration of the bathing medium noted. 
Results are computed in terms of mg./hour/ 
gm. of wet lens weight. Under the condi- 
tions of this experiment the figures obtained 
provide a measure largely of the glycolytic 
activity of the lens. Except when the gly- 
colytic poisons were used, the accumulation 
of glucose within the lens accounted for only 
approximately one tenth of the total glucose 
lost from the medium. 


NORMAL GLUCOSE LEVELS OF THE LENS 


Thirty-six analyses of fresh lenses 
demonstrated an average total reducing sub- 
stance equivalent to 43.4 mg. of glucose per 
100 gm. of wet lens, Of this apparent glu- 
cose an average of 23.6 mg. was found to be 


nonfermentable reducing substance. Thus, 
by difference, the true glucose level averaged 
19.8 mg. per 100 gm. of wet lens. This is 
lower than values reported by others,® a 
discrepancy which is probably accounted for 
by the difference in analytic techniques. The 
quantity of nonfermentable reducing sub- 
stance was quite constant under the various 
experimental situations and did not differ 
significantly from that found in fresh lenses. 


KINETICS OF GLUCOSE UPTAKE BY THE LENS 


The first step in the analysis of this prob- 
lem was to determine whether the accumula- 
tion of glucose within the lens was propor- 
tional to its concentration in the bathing 


. medium, The existence of such a propor- 


tionality would not necessarily distinguish 
between an active and a passive process, but 
lack of such a proportionality would rule out 
a movement by simple diffusion. Two ap- 
proaches were utilized: 

The first was the measurement of the 
change in concentration of lens glucose with 
time. Lenses were incubated in modified 
Tyrode's solution (containing 200 mg. per- 
cent glucose) and analyzed for glucose con- 
tent after various time intervals. The results 
did not fall on the simple exponential curve 
to be expected if the movement were one of 
simple diffusion (fig. 1). This deviation 
may be due to failure of the entering glu- 
cose to distribute itself equally throughout 
the lens substance.* The results therefore 
are not incompatible with the view that the 
accumulation of glucose within the lens is 
proportional to the glucose concentration in 
the bathing medium. 

The second approach was to measure glu- 
cose accumulation by lenses incubated for a 
constant time interval (three hours) in 


* Another source of discrepancy was a decrease 
in glucose concentration of the bathing medium 
which became significant after 10 hours’ incuba- 
tion. This error is minimized by plotting the ratio 
of lens to media glucose rather than the concentra- 
tion in the lens as the ordinate. 
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Fig. 1 (Harris, Hauschildt, and Nordquist). Ratio of lens : media glucose after incubation of rabbit 
lenses at 37°C. for various time intervals in modified Tyrode's solution containing 200 mg. percent glucose. 
Each point represents at least eight analyses, except the 22- and 28-hour points, which represent six and 


four analyses, respectively. 


media containing various glucose concentra- 
tions. The glucose content of the lens was 
found to be a linear function of the concen- 
tration of the external medium (fig. 2), in- 
dicating that the accumulation of glucose 
within the lens is a simple function of the 
concentration presented to it. Such results 
are compatible with the view that glucose 
passively diffuses into the lens although the 
possibility of a metabolic mediation, also 
proportional to the concentration, cannot be 
excluded. 

Obviously, the measured accumulation 
after a given time interval represents a 
balance between the amount of glucose 
which enters the lens and that utilized by it. 
Interpolation from the graph (fig. 2) indi- 
cates that that concentration in the external 
medium which will just maintain the normal 
lens glucose during a three hour period is 
122 mg. percent. This is somewhat higher 
than the values usually reported for aqueous 
glucose concentration. The reason for this 
discrepancy is not immediately apparent. 


EFFECT OF INJURY TO THE LENS AND 
ITS CAPSULE 


Studies of active transport of cations have 
indicated that incision of the lens capsule 
or seemingly minor injury (massage) of the 
lens surface markedly alters its ability to 
concentrate the positive ions.’ The effect of 
such manipulations on the ability of the lens 
to accumulate glucose was accordingly in- 
vestigated. 

The lens capsules were incised on either 
their anterior or posterior surface, the in- 
cision extending approximately two thirds 
of the lens diameter, and a lip of capsule re- 
maining inside the equator at either end of 
the incision. Lenses of another group were 
gently massaged on one or the other surface 
with a blunt glass rod. 

The accumulation of glucose by both 
groups was compared with that of uninjured 
lenses. Neither incision nor massage of the 
capsule significantly altered the rate of ac- 
cumulation of glucose by the lens (fig. 3). 
The uptake of glucose from the media and 
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Vig. 2 (Harris, Hauschildt, and Nordquist). Glucose concentration of rabbit lenses after incubation at 
37°C. for three hours in modified Tyrode's solution containing various glucose concentrations. Fach 


point represents at least eight analyses. 


hence the utilization of glucose was signifi- 
cantly reduced when the capsule was in- 
cised (table 1).* 


EFFECT OF ANAEROBIC CONDITIONS AND 
VARIOUS METABOLIC POISONS 


Lenses were incubated as previously de- 
scribed, but in a medium equilibrated with 
a 95 percent N,-5.0 percent CO, mixture. 
As compared with lenses respiring normally 
but otherwise under identical circumstances, 
the accumulation of glucose within the lens 
was reduced in the absence of oxygen 
(fig. 4). 

In the presence of cyanide (and oxygen) 
the accumulation of glucose was diminished 
even more. Cyanide has been shown to in- 
hibit respiration of tissues, including the 
lens." However, the anaerobic breakdown of 
glucose can proceed in either the presence 


* Here, as elsewhere in the paper, the question 
of the significance of differences between means 
has been resolved by employing the t-test, accept- 
ing p = 0.05 as the confidence level. 


of cyanide or the absence of oxygen. The 
fact that the depletion of glucose from the 
bathing media was increased under anaerobic 
conditions or in the presence of cyanide 
(table 1) supports the view that the lowered 


TABLE 1 


DEPLETION OF MEDIA GLUCOSE BY THE LENS INCU- 
BATED AT 37°C. FOR SIX HOURS IN MODIFIED 
TYRODE’S SOLUTION WITH 
VARIOUS ADDITIVES 


Depletion 
Media Additive (mg./hr./gm 

of wet 

lens wt.) 
None 0.78 
None, incised capsule 0.65 
Anaerobic 109 
0.001 M NaCN 1.18 
0.01 M dinitrophenol 0.62 
0.025 M iodoacetic acid 0.13 
0.05 M NaF 0. 
0.05 M NaF, incised capsule 0.28 
0.1 unit insulin/ml. 0.87 
0.1 unit insulin/ml., incised capsule 0.79 
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Fig. 3 (Harris, Hauschildt, and Nordquist). 


Effect of injury to the lens capsule on the aceumu- 
lation of glucose in rabbit lenses mecubated at 37°C. 
for six hours in modified Tyrode's solution con- 
taining 400 mg. percent glucose. 


accumulation in these cases is probably due 
to increased glucose utilization rather than 
to decreased glucose transport. 

To negate the influence of utilization on 
the accumulation, 
which inhibit glucose breakdown were em- 
ployed. For these 
sodium fluoride, and iodoacetic acid were 
chosen. In the presence of any of these the 
depletion of glucose from the medium was 
found to be reduced (table 1). 

Dinitrophenol is an uncoupling agent 
which by inhibiting oxidative phosphoryla- 
tion depletes the supply of high energy 
phosphates. In low concentrations it stimu- 
lates oxygen consumption of the lens® and 
other tissues,'’® but depresses respiration and 


measured substances 


studies dinitrophenol, 


glucose utilization in higher concentrations. 

In appropriate concentration (O.01 M) 
dinitrophenol markedly inhibited glucose 
accumulation by the lens (fig. 5). In the 
presence of either sodium fluoride or 
iodoacetic acid, both of which inhibit specific 
reactions in the glycolytic sequence, the 
accumulation of glucose by the lens was 
similarly reduced (fig. 6). The results indi- 
cate that these substances inhibit the trans- 
port of glucose into the lens. 

The possibility that the lowered glucose 
uptake by lenses incubated with dinitro- 
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Fig. 4 (Harris, Hauschildt and Nordquist) 


effect of cyanide and anaerobic conditions on the 
accumulation of glucose in rabbit lenses imeubated 
at 37°C. for six hours in modified Tyrode's solu 
tion contamung 400 mg. percent glucose. Control 
level is accumulation of glucose through the mtact 
capsule as given in Figure 3 


phenol, fluoride, or iodoacetate resulted 
from a decrease im available adenosine tri- 
phosphate or a turnover of 


adenosine triphosphate was next considered, 


decreased 
(A decreased turnover of adenosine triphos- 


phate in erythrocytes poisoned with 1odo- 
acetic acid or sodium fluoride has been re- 
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Fig. 5 (Harris, Hauschildt, and Nordquist). 


Effect of dinitrophenol on accumulation of glucose 
in rabbit lenses incubated at 37°C. for six hours im 
modified Tyrode's solution containing 400 mg. per- 
cent glucose. Control level is accumulation of glu- 
cose through the intact capsule as given im 


Figure 3. 
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Fig. 6 (Harris, Hauschildt, and Nordquist). 
Effect of iodoacetate and fluoride on accumula- 
tion of glucose in rabbit lenses incubated at 37°C. 
for six hours in modified Tyrode's solution con- 
taining 400 mg. percent glucose. Control level is 
accumulation of glucose through the intact capsule 
as given in Figure 3. 
ported."*) To test this possibility the effect 
of adding both adenosine triphosphate 
(0.001 M) and an enzyme inhibitor 
(fluoride) was observed. In the presence of 
adenosine triphosphate the accumulation of 
glucose was significantly increased and 
hence the inhibition induced by fluoride at 
least partially overcome (fig. 7, table 1). 
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Fig. 7 (Harris, Hauschildt, and Nordquist). 
Effect of added adenosine triphosphate (ATP) on 
accumulation of glucose in rabbit lenses incu- 
bated at 37°C. for six hours in modified Tyrode's 
solution containing 400 mg. percent glucose and 
0.05 M sodium fluoride. Control level is accumu- 
lation of glucose through the intact capsule as 
given in Figure 3. 


Without 
ATP 
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EFFECT OF INSULIN AND ADENOSINE 
TRIPHOSPHATE 


One of the postulated effects of insulin 
is the promotion of glucose transport across 
cellular barriers.'* The effect of insulin on 
glucose accumulation by the lens was ac- 
cordingly studied. In a concentration of 0.1 
unit per ml. of media, insulin did not sig- 
nificantly affect the accumulation of glucose 
by the lens (fig. 8). In the experimental 
series here reported glucose utilization by 
the lens with an intact capsule was not sig- 
nificantly altered by insulin (table 1). 

Insulin activity in vitro can generally be 
most adequately demonstrated in diabetic 
tissues. (A valid question arises whether in- 
sulin is normally present in the aqueous 
humor. Studies in our laboratory using as a 
tracer insulin iodinated with radioactive 
iodine have at present not conclusively ruled 
out the possibility that some insulin enters 
the aqueous. ) 

A study of the effect of insulin upon 
glucose accumulation by the lenses of 
alloxan-diabetic rabbits was attempted but 
the described procedure was not found to 
adapt well to this technique because of the 


Fig. 8 (Harris, Hauschildt, and Nordquist). 
Effect of adenosine triphosphate, insulin, and 
adenosine triphosphate, plus insulin on accumula- 
tion of glucose in rabbit lenses incubated at 37°C. 
for six hours in modified Tyrode's solution con- 
taining 400 mg. percent glucose. Control level is 
accumulation of glucose through the intact capsule 
as given in Figure 3. 


insulin. 
Unit insulin(O.1 unitymi) 
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initially high and variable glucose levels in 
the diabetic lenses. 

It is of interest, however, that when the 
two lenses from a diabetic animal were in- 
cubated, one with and one without added 
insulin in media containing 400 mg. percent 
glucose, the total lens glucose after six 
hours was in every instance lower in the 
lens incubated with insulin than in the one 
where the hormone was not employed. This 
may indicate that glucose utilization by the 
diabetic lens was increased when insulin was 
added. However, an unequivocal determina- 
tion of the effect of insulin on the transport 
and utilization of glucose by the intact lens 
must await the results of studies with C**- 
labelled glucose. 

The effect of adenosine triphosphate, both 
with and without added insulin, was also 
studied, using normal rabbit lenses. Adeno- 
sine triphosphate did not significantly alter 
the accumulation of glucose by the lens 
(fig. 8), perhaps indicating that adenosine 
triphosphate is normally present in the lens 
in optimal concentration; hence an added 
quantity does not significantly alter the rate 
of glucose uptake.. 


SITE OF THE BARRIER TO GLUCOSE 


Our experiments with cations have indi- 
cated that the barrier across which cation 
transport occurs lies at or in close proximity 
to the lens capsule. Whether a similar 
barrier is involved in the transport of glu- 
cose was tested by comparing glucose ac- 
cumulation with the capsule intact and 
incised. The accumulation in the two prepara- 
tions was found not to differ significantly 
(fig. 1). 

(One might reason that since the utiliza- 
tion was reduced when the capsule was in- 
cised, the overall transport into the lens 
was greater through the intact capsule and 
that, therefore, some active mediation must 
occur at the capsule. Such a conclusion from 
this data, however, would be hazardous.) 
However, the employment of an enzyme 
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Fig. 9 (Harris, Hauschildt, and Nordquist). 
Effect of incision of the capsule on accumulation 
of glucose in rabbit lenses incubated at 37°C. for 
six hours in modified Tyrode’s solution containing 
400 mg. percent glucose and 0.05 M sodium 
fluoride. Control level is accumulation of glucose 
through the intact capsule as given in Figure 3. 


inhibitor known to reduce glucose transport 
provides a better test for such a barrier. 
Thus, in media containing fluoride a greater 
accumulation of glucose was observed in the 
lens with an incised capsule than in the one 
with the capsule intact (fig. 9, table 1). 

The results support the view that the glu- 
cose transport mechanism acts at some 
barrier at or near the lens capsule. They do 
not rule out the possible existence of some 
other barrier to movement which is poisoned 
by fluoride. 

When the lens with incised capsule was 
incubated in the presence of insulin, the 
glucose accumulation was significantly less 
than when either the intact lens was incu- 
bated with insulin, or the lens with incised 
capsule was incubated without insulin (fig. 
10; compare fig. 3). 

At the same time the depletion of glucose 
from the bathing medium by lenses with 
incised capsules was significantly greater 
when insulin was present (table 1). These 
data are compatible with those of Ross.” 
However, it is reasonable to take issue with 
his conclusion that the stimulating effect of 
insulin on the uptake of glucose by decapsu- 
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Fig. 10 (Harris, Hauschildt, and Nordquist). 
Effect of incision of the capsule on accumulation 
of glucose in rabbit lenses incubated at 37°C. for 
six hours in modified Tyrode’s solution containing 
400 mg. percent glucose and 0.1 unit insulin per ml. 
Control level is accumulation of glucose through 
the intact capsule as given in Figure 3. 


lated lens substance is due to the mediation 


of glucose transport across a_ cellular 
barrier. From present evidence, one can only 
conclude that insulin stimulates glucose 


utilization by this tissue in a manner which 
remains to be clarified. 


COMMENT 


The results leave little doubt that the 
transport of glucose into the lens is meta- 
bolically mediated and that the movement is 
proportional to the concentration in_ the 
external medium. Since in no instance was 
a higher concentration of glucose achieved 
in the lens than was present in the sur- 
rounding fluid, this transport cannot be con- 
sidered an active transfer. Rather the term 
“assisted transport” might be preferable. No 
specific mechanism such as phosphorylation 
of glucose can be implied from our data. 

The possibility certainly exists that a 
highly dissociable complex of glucose with 
some unknown substance is formed at the 
limiting surfaces. Such a complex has been 
postulated to mediate the movement of glu- 
cose into the erythrocyte."* However, some 
relation of glucose transport to the high 
energy phosphates seems likely. 


The hypothesis that inorganic phosphate 
enters the erythrocyte by forming adenosine 
triphosphate, that this process is poisoned by 
fluoride and iodoacetate ions, and that it is 
closely associated with glycolysis is of inter- 
est." The movement of phosphate and 
glucose may be closely associated. It is 
emphasized, however, that our results do not 
rule out the possibility that some glucose 
enters the lens by simple diffusion. 

The question of the site of this transport 
cannot be finally answered. Certainly, at 
least one site lies at or near the lens capsule. 
The sum total of our experience with cation 
and glucose transport has strengthened the 
concept that the lens acts much as a single 
large cell, whose limiting barrier is near the 
lens surface and which shows the compart- 
mentalization of metabolic activity typical of 
a single cell. Much clinical experience, such 
as the cataractogenic effect of trauma, is best 
interpreted from this viewpoint. 

The contrast of the data here presented 
with those obtained under similar circum- 
stances but concerning lens cation balance 
is sufficiently striking to deserve comment. 
For example, when the lens is poisoned with 
sodium fluoride or iodoacetic acid a cation 
shift toward equilibrium with the external 
medium is observed.’ In respect to glucose, 
however, these poisons reduce the tendency 
toward equilibrium with external 
medium, This contrast emphasizes that the 
results in each 
nonspecific effect on permeability of the 
barriers but rather to the inhibition of some 
more specific metabolic process or processes. 


instance are not due to a 


SuM MARY 


1. Studies of the accumulation of glucose 
within and the utilization of glucose by the 
rabbit lens treated with various enzyme in- 
hibitors have indicated that glucose does not 
enter the lens solely by simple diffusion but 
also by some active process involving meta- 
bolic mediation. 

2. One site or barrier at which this proc- 
ess occurs lies at or in close proximity to 
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the lens capsule. Some other barrier may glucose across the lens barriers has not been 
also exist. established. 


3. The role of insulin in the transport of 3181 S.W. Sam Jackson Park Road (1). 
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A SCINTILLATION COUNTER FOR THE DIAGNOSIS 
OF INTRAOCULAR MELANOMAS* 


Jerome W. Betrman, M.D., anv Victor Fettows, M.D. 
San Francisco, California 


Eyes containing lesions which simulate 
melanomas are sometimes enucleated un- 
necessarily. At times the removal of intra- 
ocular melanomas is unfortunately delayed 
because of an error in diagnosis. An instru- 
ment which would definitely aid in the 
differential diagnosis of melanomas and 
benign intraocular lesions is highly de- 
sirable. 

Radioactive phosphorus (P**) given in- 
travenously in the form of sodium biphos- 
phate is taken up in higher concentrations 
by actively growing tumor tissue than by 
benign tissue. This fact was first demon- 
strated clinically when P** was used as a 
diagnostic aid in the detection of breast 
tumors by Low-Beer in 1946." It was 
originally applied to ophthalmology in the 
differential diagnosis of intraocular lesions 
by Thomas, Krohmer, and Storaasli in 
1952." 

In most organs other than the eye a 
biopsy is easier and more accurate than the 
determination of activity over a lesion after 
the injection of a radioactive substance. For 
this reason, the use of P® or other radio- 
isotopes has not found wide acceptance as a 
substitute for biopsy. In ophthalmology, 
however, the situation is different. Biopsies 
of intraocular tumors are generally unsatis- 
factory and sometimes dangerous or diffi- 
cult. For this reason, the possibility of 
arriving at a more accurate differential diag- 
nosis of malignant and nonmalignant intra- 
ocular lesions by the use of radio-isotopes 
cannot be put aside lightly. 

If the differential diagnosis of malignant 
intraocular tumors through the use of radio- 


*From the Division of Ophthalmology, De- 
partment of Surgery, Stanford University School 
of Medicine. Supported by an institutional re- 
search grant from the American Cancer Society. 


active phosphorus is to be reasonably ac- 
curate, two essential steps must be followed: 

1. The counts of radioactivity must be 
made a long while after the injection of 

2. The counter must be placed directly 
over the lesion in the closest possible 
proximity. 

If these two steps are not followed the 
test is grossly inaccurate and very mislead- 
ing.” Therefore, these steps must be con- 
sidered in more detail. 

There is reason to believe that more ac- 
curate differential counts will be obtained 
24 hours or more after the injection of 
P**, During the first 15 minutes after in- 
jection, the phosphorus is largely free in 
the blood stream.* During the remainder of 
the first hour it is diffusing into the tissues. 
Counts taken at this time only indicate the 
vascularity of the tissue, rather than the 
rate of cellular growth. 

After phosphorus has diffused into the 
tissues it is found combined with carbohy- 
drates, fats, and proteins. In general, in 
most tissues studied, the combination of 
radioactive phosphorus is evident first in 
the carbohydrate, second in the fat portion, 
and third in the protein.* The phosphorus 
in carbohydrate reaches a state of equi- 
librium in approximately one hour, whereas 
the phosphorus in nucleoprotein may take 
up to 48 hours. 

Malignant tumors contain more nuclei; 
therefore more nucleoprotein. It is the phos- 
phorus in nucleoproteins that we wish to 
count and therefore more rewarding results 
will be obtained if the count is made at 
longer intervals after injection. 

The instrument used to count the radio- 
activity must be placed directly over the 
lesion. Radioactive phosphorus is a pure 
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Fig. 1 (Bettman and Fellows) 
Comparison of scintillation and 
Geiger counters. 


Scintillation Counter 


beta emitter. The beta rays have a maximum 
penetration of eight mm. and an average 
penetration of three mm. through tissue. If a 
Geiger-Miiller tube is placed directly ever 
the lesion, it will count every beta ray that 
gains access to it; but a Geiger-Miiller tube 
of such a size and shape that it can be placed 
over a lesion situated in the posterior two 
thirds of the eyeball has not been available 
until the present time. 

Figure 1 shows the Geiger-Miiller tube 
designed for use over the eye, and Figure 2 
shows the tube in position over the globe, 
contrasted with a scintillation probe which 
can be placed posteriorly. It will be readily 
seen that beta rays emanating from a lesion 
in the posterior two thirds of the globe will 
not be able to travel as far as the Geiger- 


Scintillating erystol. 


Geiger Tube 


Miiller tube and consequently the efficiency 
of the tube for such a lesion is zero. The 
clinical incidence of these posterior lesions 
is relatively large—-well over 50 percent of 
all intraocular lesions. 

More recently a Geiger-Miller tube has 
been produced in a modified shape and size 
so that it can be inserted behind the eyeball. 
However, in producing these changes the 
efficiency of the instrument has been re- 
duced to hardly 60 percent of the efficiency 
of the Geiger-Miller tube previously used. 

Even for lesions situated more anteriorly, 
the counter must be placed directly over the 
lesion and not turned at an angle; other- 
wise beta particles emanating from the 
rectus muscles and varying thickness of 
uveal tissue will alter the count.’ 
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Fig. 2 (Bettman and Fellows). Diagram of scintillation counter. 
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It occurred to us that a_ scintillation 
counter might be developed for use directly 
over a tumor situated in the posterior por- 
tion of the globe. It is conceded that a 
Geiger-Miller tube may be a slightly more 
efficient instrument for counting beta parti- 
cles when those particles can gain access to 
it, but, as pointed out above, the particles 
from a posterior lesion cannot gain access 
to it, and therefore in this imstance the 
Geiger-Miller tube is totally inefficient. The 
smaller, curved Geiger-Miller tube for 
posterior use is not of very high efficiency. 

A scintillation counter works on an en- 
tirely different principle than the Geiger- 
Miller tube. The latter consists of a metal 
cylinder filled with an inert gas and with a 
wire running down the center of the cylin- 
der. The central wire acts as the anode and 
the metal wall acts as the cathode when a 
voltage potential is maintained across these 
electrodes. One end of the metal cylinder is 
covered only with a mica window through 
which a beta particle can enter. The beta 
particles produce ion pairs by collision. The 
pairs produce others and this process is re- 
peated until an entire avalanche of ions is 
created and these register one count on the 
scaler, 

The scintillation counter consists pri- 
marily of a material called a phosphor, capa- 


Some light internally 
reflected in 


roy lucite. 
ery stol pro- 
Light strikes photo- 
ducing light. g 


Electron produced 
from photo sensitive 


sensitive surfoce 
photo multiplier tube 


ble of producing light when ionized by a 
rachoactive particle. The light from the 
phosphor can be conducted around a curve, 
as from the posterior part of the eyeball, 
by a material such as polymethyl metha- 
crylate (lucite perspex) which acts as a 
“hight pipe.” 

Through the medium of the lucite light 
pipe the light is conducted to a photomulti- 
plier tube. On entering the tube the light 
strikes the photo-cathode where the light 
energy causes an electron to be given off. 
Within the tube this electron strikes a 
dynode and causes several electrons to be 
given off. These strike other dynodes, and 
the entire process is repeated so that the 
original electron is multiplied many times. 
The current resulting from these many elec- 
trons is amplified and registers as one count 
on an automatic counting device known as a 
scaler (figs. 3 and 4). 

Scintillation counters are widely used in 
physics and medicine, but none has been de- 
veloped for use behind the eyeball. A series 
of experiments were conducted to develop 
a scintillation counter for use over the 
posterior portion of the globe. It was agreed 
that the following criteria must be fulfilled: 

1. The instrument must be of such a size 
and shape that it can be inserted behind the 
globe through an opening in the conjunctiva. 


Electron strikes metal 
plate producing 


severa/ electrons 
Process repeoted 


Many multipli- 
cations 


Current of 
e/ectrons 
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Fig. 3 (Bettman and Fellows). Diagram of how a scintillation counter works. 
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2. The phosphor must be one which does 
not readily deteriorate, is transparent to its 
own light emanations, and gives a strong 
enough pulse on stimulation with beta parti- 
cles that the light can be conducted through 
curved lucite light pipe and present enough 
energy to stimulate a photomultiplier tube. 

3. The entire instrument must be shielded 
from beta particles arising from extraocular 
tissues. 

4. The instrument must be sterilizable 
or covered with a sterilizable material. 

In order to fulfill these qualifications a 
number of experiments were performed to 
determine (1) the substance most suitable 
as a phosphor, (2) the proper size, shape, 
and thickness of the phosphor, (3) certain 
other effects such as the importance of a 
reflecting material around the phosphor, 
(4) the proper size and shape of the 
“light pipe”’ and light-tight container, 

These subjects are summarized as 
follows : 

1. Determination of a suitable phosphor. 
[Phosphors may be classified as (a) in- 
organic, (b) organic crystalline, (c) organic 
plastic and solution phosphors.*] 

The most efficient inorganic phosphor is 
zinc sulfide. This substance could not be 
used because it is Opaque to its own phos- 
phoresence in any useful thickness, Sodium 
iodide is next in efficiency, but could not be 
used because it 1s deliquescent. All other 
alkali halides are less efficient. The next 
best is iodide activated with 
thallium, but its efficiency was less than the 


potassium 


TABLE 1 


EPPICIENCY OF CERTAIN PHOSPHORS COMPARED 
with TUBE* 


ficiency 

(per cent) 
Geiger-Muller tube 100 
Anthracene 85 
Scintillating plastic 62 


KI (thallium 44 


* These are only approximate and vary with the 
size of the phosphor. 


Fig. 4 (Bettman and Fellows). Photograph of 
experimental container with Lucite cones and vari- 
ous phosphors on their tip. 


organic phosphors and it presented the dis- 
advantage of containing the natural isotope 
K,O which is radioactive. The latter raised 
the background count to a disturbing degree. 

Anthracene (Cl, H,») is the most efficient 
of the organic crystalline phosphors, and, 
as will be seen from Table 1, was the most 
suitable of all phosphors that might be con- 
sidered for this purpose. It only presented 
the disadvantage that individual pieces could 
not be worked readily from a large block. 
An organic plastic phosphor was found to 
be almost as efficient as the anthracene, and 
was used for much of the experimental 
work because pieces could be readily cut 
from a large block and shaped, polished, and 
worked as desired. 

2. Determination of size, shape, and thick- 
ness of the phosphors.* It is obvious that 


*In order to facilitate the testing of various 
phosphors an experimental container of one-mm 
thick brass was made to attach to an RCA photo- 
multiplier tube (#5819). At the end and side of 
the brass container of a Bakelite “window” was 
placed. The Bakelite “windows” were 25 mm. in 


e 
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TABLE 2 
EvPECT OF THICKNESS UPON EFFICIENCY 


Square Thick Efficiency 


(mm.) (mm.) (per cent) 
Geiger-Muller tube. 100.0 
Scintillating plastic 7.5 6.0 82.8 
Scintillating plastic 7.5 4.5 73.3 
Scintillating plastic 7.5 3.0 69.8 
Scintillating plastic 7.5 1.5 60.3 


the larger the area 6f scintillating material 
exposed to a source of ionizing radiations, 
the higher will be the count. The effect of 
thickness had to be determined experi- 
mentally. Pieces of plastic material of the 
same area, but different thicknesses, were 
cemented to standard lucite light pipes and 
exposed to a standard sample of P**. The 
results are shown in Table 2. 

Table 2 demonstrates that a fourfold in- 
crease in thickness only increases the 
efficiency one fourth. It was obvious then 
that a thin phosphor which could readily be 
slipped behind the globe was almost as ef- 
ficient as a thick, unwieldy phosphor. 

In the foregoing experiments the phos- 
phors were all tested while mounted with a 
large side cemented to the lucite. It was ob- 
vious that a more conveniently shaped in- 
strument could be made if the phosphors 
were mounted on edge. 

At first this seemed to result in too great 
a decrease in efficiency. The great decrease 
in efficiency was not due to the smaller 
surface of contact between the phosphor and 
the lucite light pipe. It was because the 


diameter, readily permeable to beta rays, but light- 
tight. The Bakelite windows were so positioned 
that various phosphors placed within the container 
were always at the same distance from a sample of 
P* placed in contact with the Bakelite window. 
Several cone-shaped lucite light pipes of a standard 
size were made so that the phosphors could be 
quickly cemented to them. The light pipes were so 
shaped that their cross-sectional area constantly 
increased in size, and the ends were ground to the 
same curvature as the photosensitive surface of the 
photomultiplier tube. A picture of this experi- 
mental container and several lucite light pipes with 
phosphorus attached is shown in Figure. 5. 


phosphor mounted on edge had to act as its 
own light pipe to conduct the light from 
the point of ionization to the lucite. 

Experiments were undertaken to find out 
how an efficient instrument could be con- 
structed. 

From the experiments (table 3) we were 
assured that a conveniently shaped scintil- 
lator with a thin phosphor mounted on edge 
could be built with almost as much efficiency 
as a thick cumbersome phosphor mounted 
flat. In order to increase the efficiency of the 
conveniently shaped and mounted phosphor 
to this degree, it was necessary to make it 
wedge-shaped, with polished surfaces and 
wrapped in aluminum foil. 

It was demonstrated that a convenient 
curve in the lucite light pipe did not de- 
crease the efficiency as compared with a 
straight lucite light pipe. 

On the basis of these experiments, a 
scintillation probe was constructed. It con- 
sisted of a phosphor of anthracene 7.5 mm. 
square and wedge-shaped, two mm. thick at 
the edge and three mm. thick at the surface 
of contact with the lucite light pipe. Each 
surface was polished. The lucite light pipe 
was made to fit the end of the phosphor 
wedge and of gradually increasing cross- 
sectional area with the other end ground 
to fit the photosensitive surface of a #5819 


TABLE 3 


EFFECT OF MOUNTING, POLISHING AND USE 
OF REFLECTOR ON EFFICIENCY 


E fiiciency 


(per cent) 

Geiger-Muller tube 100.0 
Polished scintillating plastic, mounted 

flat 62.6 
Wedge-shaped plastic (same size) 

mounted on edge, unpolished and 

without aluminum reflector 7.1 
Same, polished but without aluminum 

reflector 28.7 
Same, polished and with aluminum re- 

flector over phosphor only 50.0 
Same, polished and with aluminum re- 

flector over and lucite 

light pipe 54.7 
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RCA photomultiplier tube. It was curved to 
make it convenient to place behind the globe. 

A case of silver 0.6-mm. thick was made 
with a thin “window” of brass 0.012-mm. 
thick soldered to it. This thickness of silver 
prevents penetration of P** beta particles, 
although the thin brass window permits 
almost unlimited entry of betas. 

The case was constructed so as to be 
completely light-tight. The end of the case 
was machined to screw into the light-tight 
case surrounding the photomultiplier tube 
and preamplifier. Scintillations were counted 
on a scaling circuit. 

A rubber sheath of the fingercot type was 
placed over the case enclosing the phosphor 
and lucite light pipe for sterility. A cloth 
sleeve was made to enclose the photomulti- 
plier case in the same manner as it is used 
to cover an ophthalmoscope during a retinal 
reattachment operation. The use of the auto- 
claved rubber sheath and cloth sleeve 
rendered the entire instrument sterile, so 
that a surgeon might insert the radiosenst- 
tive tip through a conjunctival incision with- 
out fear of contamination.* 


Fig. 5 (Bettman and Fellows). View of 
scintillation probe. 


Fig. 6 (Bettman and Fellows). View of 
scintillation probe. 


The anthracene scintillation probe finally 
constructed attained an efficiency of 93 to 
100 percent of the straight Geiger-Miiller 
tube. This scintillation counter has a much 
greater cfficiency than the smaller curved 
Geiger-Miller tube made to use over the 
posterior globe. It is approximately of the 
curvature and thickness of the Arruga re- 
tractor used in retinal reattachment opera- 
tions (figs. 6 and 7). 

The scintillation counter presented in this 
article permits the ophthalmologist to obtain 


* This scintillation counter consisting of the 
phosphor, light pipe, and light-tight case ready for 
connecting to the standard photomultiplier tube 
was made by the Parsons Optical Laboratory, 518 
Powell Street, San Francisco. 
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a count of radioactivity from directly over 
a tumor situated in the posterior portion of 
the globe. This eliminates many of the in- 
accuracies encountered when a. straight 
Geiger-Milller tube is used for this purpose 
as this tube is not of a size or shape that it 
can be placed anywhere near a posteriorly 
situated lesion. 

The errors encountered with the straight 
Geiger-Miller tube are so gross as to render 
this counter totally useless for posterior 
lesions, as previously reported by us.’ The 
small curved Geiger-Miller tube recently 
developed eliminates these errors, but it is 
less efficient than the scintillation probe. 
Under the conditions of a physics labora- 
tory, the Geiger-Miller tube is a slightly 
more efficient instrument for the counting 
of beta particles than the scintillation 
counter. Under the conditions of a clinical 
diagnosis of a tumor situated in the pos- 
terior two thirds of the globe, the scintil- 
lation counter is definitely more efficient. 


SUM MARY 


The use of radioactive phosphorus in the 
diagnosis of intraocular tumors may be a 
very useful clinical procedure provided (1) 
the counts are made long enough after the 
injection of P** and (2) the counter is 
placed directly over the lesion. 

The straight Geiger-Miller tubes availa- 
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ble cannot be placed over a lesion in the 
posterior portion of the globe and are totally 
inefheient for this purpose. The newly de- 
veloped curved Geiger-Miller tube is less 
efficient than the straight tube and _ less 
efficient than a scintillation probe. 

A scintillation counter can be constructed 
of such a size and shape that it can be placed 
directly over such a posterior lesion. 

Experiments established that an efficient 
instrument could be made of a phosphor of 
anthracene made in a wedge-shape with 
polished surfaces and cemented on edge to 
a lucite light pipe. The light pipe was curved 
and made of a gradually increasing cross 
sectional area and fitted to a photomultiplier 
tube. The phosphor and light pipe were 
wrapped in a reflector of aluminum foil and 
the whole was encased in a silver case im- 
permeable to beta radiations except for a 
window of very thin brass to be placed di- 
rectly over the lesion. Under conditions of 
a physics laboratory the scintillation counter 
had an efficiency of 93 percent of a Geiger- 
Miller counter, but under clinical conditions 
it was definitely more efficient. 

2400 Clay Street (15). 


The authors are indebted to Robert Newell, 
M.D., professor of biophysics, Stanford Univer- 
sity School of Medicine, without whose help this 
work would have been impossible; and to Daniel 
Brower of the Parsons Optical Laboratories. 
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D1scuSSION 


De. Frepertcx C. Bion: This new scintillation 
counter is certainly a valuable step forward in the 
diagnosis of intraocular tumors. However, a word 
of warning : 


At the University of lowa we have used scintilla- 
tion counters—not curved ones and not ones that 
could be introduced behind the conjunctiva—in 
cases in which we could not find an appreciable 
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difference in the uptake of radioactive phosphorus 
in one eye or the other in a suspected intraocular 
tumor. 

| have in mind especially one case of a young 
child who came to the clinic with a diagnosis of 
retinoblastoma. The uptake of radioactive phos- 
phorus as counted with the Geiger counter was the 
same in one eye as in the other. When the child 
was tested with the scintillation counter we found 
an merease in the suspected eye, and we enucleated 
the eye. The histologic result was a retinal de- 
tachment without a tumor. 


De. J. W. Berrman (closing): | want to 
emphasize once more, if | may, that the scintilla- 
tion counter is not superior to a Geiger tube for 
the counting of beta rays. The superiority of the 
scintillation counter lies in the fact that it can be 
curved and slipped behind the globe without loss of 
much efficiency. 

An imstance in which a straight scintillation 
counter was used, would really have no bearing on 
the particular type of lesion of which we are speak- 
ing here. 


THE MECHANISM OF THE FALL IN INTRAOCULAR PRESSURE 
INDUCED BY THE CARBONIC ANHYDRASE 
INHIBITOR, DIAMOX* 


BeRNARD Becker, 
Saint Louis, Missoun 


The recent introduction of such potent 
carbonic anhydrase inhibitors as Acetazolea- 
mide (Diamox )" has made possible the study 
of the effects of such inhibition in man. It 
syvon became apparent that effective carbonic 
anhydrase inhibition prevented renal tubular 
reabsorption of sodium, bicarbonate and po- 
tassium, resulting in a marked diuresis, and 
inhibited pancreatic and gastric secretion. 
Most important from the ophthalmologic 
point of view was the reversible fall in intra- 
ocular pressure induced by systemic carbonic 
anhydrase inhibition.’ 

Since this finding has led to a rather ex- 
tensive clinical trial of Diamox in the treat- 
ment of the glaucomas, it is of prime im- 
portance to determine the role of carbonic 
anhydrase in the maintenance of intraocular 
pressure and the site and mode of action of 
its inhibition. 


* From the Department of Ophthalmology, Wash- 
ington University School of Medicine, and the 
Oscar Johnson Institute, Saint Louis, and the 
Wilmer Ophthalmological Institute of The Johns 
Hopkins Hospital, Baltimore. Supported in part 
by a grant to Washington University School of 
Medicine from the Alfred P. Sloan Foundation, 
Inc., upon recommendation of the Council for Re- 
search in Glaucoma and Allied Diseases. Neither 
the Foundation nor the Council assumes any re- 
sponsibility for the published findings of this study. 


all 

Does Diamox act directly on the eye or 1s 
the induced lowering of intraocular pressure 
dependent upon the renal effect and its as 
sociated alterations in circulating electro 
lytes 

Does Diamox lower intraocular pressure 
by altering the outflow mechanism or does it 
inhibit secretory activity of the ciliary body ? 

It is the purpose of this report to sum 
marize the results of recent clinical observa 
tions and animal experiments designed to 
answer these questions. Although definitive 
answers cannot be formulated yet, it would 
appear that Diamox lowers intraocular pres 
sure by directly inhibiting the secretion of 
aqueous by the ciliary body. It is hoped that 
these tentative conclusions will lead to a more 
rational approach to the utilization of 
Diamox in the therapy of the glaucomas. 


MeETHODs 


Albino and pigmented rabbits (Haskins 
Rabbitry, St. Louis), weighing two to three 
kg. and maintained on Purina rabbit pellets, 
were used in these experiments. Mongrel 
dogs weighing 6.0 to 11 kg. were kept on a 
diet of Purina dog chow and canned horse 
meat. 

All measurements of intraocular pressure 
in animals were made with a Schi@tz to 
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nometer following local anesthesia with 
tetracaine (0.5 percent). No attempt was 
made to convert scale readings to pressure in 
mm. of mercury in dog or rabbit experi- 
ments. All animals were trained by repeated 
tonometry until repeated measurements could 
be duplicated to within one scale unit. A 
significant fall in intraocular pressure was 
arbitrarily set at three or more scale units. 
Most animals respond to Diamox with a 
change of four or five scale units. Animals 
which could not be successfully trained for 
tonometry or which did not give clear-cut 
significant responses to Diamox were dis- 
carded. 

Intraocular pressure was measured in pa- 
tients by Schigtz or electronic tonometers. 
All tonography was carried out with a 
Mueller electronic tonometer connected to a 
Leeds & Northrup or a Brown recorder. 

The sodium salt of Diamox* was used for 
all intravenous injections in concentration of 
33. mg./cc.. Diamox was administered 
orally in tablet form (50 and 250 mg. tab- 
lets). Ammonium chloride was given orally 
(500 mg. tablets) or subcutaneously (rab- 
bits) in concentration of 7.5 mg./cc. 


A. SITE OF ACTION OF DIAMOX 


1. Can the fall in intraocular pressure 
occur in the absence of a renal effect? * 

It was soon apparent that the repeated 
oral administration of Diamox every four to 
six hours to patients resulted in a cessation 
of the diuretic effect after the first 24 to 36 
hours. Under these circumstances signifi- 
cant ocular hypotension persisted in spite 
of the absence of diuresis, suggesting an 
effect of Diamox on the eye that is inde- 
pendent of the renal action. 

Maren’ has demonstrated that preadminis- 
tration of ammonium chloride to dogs pre- 
vents the diuretic action of Diamox. At- 


*The Diamox used in these experiments was 
supplied through the courtesy of Dr. James W. 
Gallagher of the Lederle Laboratories Division, 
American Cyanamid Company, Pearl River, New 
York. 


tempts were, therefore, made to determine 
the effect of Diamox on intraocular pres- 
sure in animals and patients where the 
diuretic effect had been blocked by pread- 
ministration of ammonium chloride. 

The administration of oral ammonium 
chloride on nine occasions to seven dogs in 
doses adequate to prevent diuresis (250 to 
1,000 mg./kg.) failed to prevent a full fall 
in intraocular pressure to a challenge of oral 
Diamox (25 to 50 mg./kg.) (table 1). Simi- 
larly, ammonium chloride (75 to 200 
mg./kg.) injected subcutaneously into 13 
rabbits failed to alter significantly their ocu- 
lar response to Diamox administered intra- 
venously (100 mg./kg.) (table 2). 

Eleven patients given 100 mg./kg./day of 
ammonium chloride by mouth demonstrated 
just as adequate a depression of intraocular 
pressure on chronic Diamox as they did be- 
fore ammonium chloride administration. 
Furthermore, by the preadministration to 
three patients of ammonium chloride for 
24 to 36 hours (2.0 gm. every four to six 
hours) the ocular effects could be obtained 
following Diamox administration without 
significant diuresis or rise in urinary pH. 
This provides additional evidence for the 
lack of dependence of the ocular effect on 
the diuresis. It should be noted that severe 
acidosis alone will lower intraocular pressure 
in patients (tables 1 and 2). 

Most convincing evidence that the ocular 
hypotension induced by Diamox can occur 
independently of the renal effect was ob- 
tained by experiments on nephrectomized 
rabbits. Forty rabbits were nephrectomized 
18 to 24 hours before the administration of 
Diamox. In every instance intraocular pres- 
sure fell following intravenous administra- 
tion of Diamox. The fall was more pro- 
nounced than before nephrectomy and could 
be obtained with doses of Diamox as small 
as 4.0 to 8.0 mg./kg. Ocular hypotony per- 
sisted for the life of the animal. Thus, the 
ability of Diamox to lower intraocular pres- 
sure in rabbits without diuresis appears es- 


tablished. 
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TABLE 1 


CHLORIDE ON INTRAOCULAR PRESSURE* IN DOGS 


Normal Diamoxt 


5 (1000) 
5 


min 


; 


All pressures are as tonometer (Schigtz). 
? Diamox given in oral dose of 25~50 mg./kg. two hours before pressure measurements recorded in this 


column. 


NHCI(mg. 


10.0 


t NH,CI given orally in dose indicated 48 hours after preceding Diamox and after intraocular pressure 
returned to original values. 


Oral Diamox (as in ft) 


iven one hour after 1 (of $). 


Dog tested twice at different dose levels of N 


“Rabbit No. 


4 
3 


TABLE 2 


Errect conmmmnel AMMONIUM CHLORIDE ON INTRAOCULAR PRESSURE*® IN RABBITS 


— 


9 All pressures are expressed as tonometer scale readings (Schi¢tz). 
t Diamox given in intravenous dose of 100 mg./kg. (33 mg./cc.), 30 minutes before pressure measure- 
ments recorded in this column. 
$ NHC! given subcutaneously (7.5 mg./ce.) 24-48 hours after intraocular pressure had returned to 


normal. 


§ Intravenous Diamox (as in t) given one hour after subcutaneous NHC! (of $). 


NHC (meg. /Kg. +Diamox$ 


NNN 


12 


Normal Diamox 

4.0 7 3.0(75) 
4.0 7.0 4.0 
3.75 — 4.0(75) 
3.0 3.0 

4.0 3.5 (75) 
3.5 4.5 

3.0 7.0 3.5 (75) 
4.0 7.5 3.0 

2.5 5.5 3.5 (75) 
3.0 6.0 4.0 

2.0 7.5 1.5 (75) 
2.0 6.5 1.5 

5.5 12.0 — 
5.0 12.0 

6.0 11.0 7.0 (200) 
6.0 11.5 7.0 

9.0 10.0 (200) 
9.0 10.0 

4.5 7.5 6.0 (200) 
4.0 9 0 6.0 

5.5 6.5 (200) 
6.0 7.0 

5.0 10.0 6.0 (200) 
5.0 10.0 6.5 

5.0 9.0 6.5 (200) 
5.0 8.5 6.0 
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Dog No 
10.0 
+ RE (250 14.0 
Lt 14.0 
LE 11.0 
49 RE (1000) 13.0 
13.0 
5 (250) 14.0 
14.5 
RE (300 10.5 
LE 10.5 
9 Ri (950 12.5 
LE 13.0 
Of RE (650) 12.5 
LI 12.5 
10 (250 13.0 
13.0 
RE 7.0 
LE 
RE 
LF 
5 RE 
LE 
LE 
Lk 
RE 
LE. 
45 RE 
LE 
13 RE 
Lk 
Lk 
106 
205 RE 
LE 
205 RE 
LE 


2. Does Diamox act directly on the ciliary 
body? 

Wistrand* has demonstrated that carbonic 
anhydrase is present in the anterior uvea of 
rabbits. Green and co-workers® have reported 
over 9-percent inhibition of this carbonic 
anhydrase activity following intravenous 
Diamox. This suggests the ciliary body as a 
possible site for the action of carbonic an- 
hydrase inhibitors. The rapidity of the fall 
in intraocular pressure (five to 10 min.) 
following intravenous administration of 
Diamox to the rabbit or man also suggests a 
direct effect on the eye. However, attempts 
to lower intraocular pressure by the local or 
subconjunctival application to the eye of 
carbonic anhydrase inhibitors have met with 
little success." This may be a matter of lack 
of penetration of the inhibitor to the secre- 
tory site. 

It may be concluded, therefore, that the 
fall in intraocular pressure induced by Dia- 
mox is not dependent on renal action and 
that there is suggestive evidence that Diamox 
acts directly on the ciliary body. 


At. 
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B. MECHANISM OF ACTION OF DIAMOX 

Not only is carbonic anhydrase present in 
the ciliary body, but there is also evidence 
that the enzyme plays a role in the secretion 
of the aqueous humor. Thus, Kinsey* found 
a 15-percent excess of bicarbonate in the 
anterior chamber as compared to the plasma 
and even a much greater excess (42 percent ) 
in posterior chamber fluids of the rabbit cye. 
He postulated that bicarbonate might play a 
pilot role in the formation of the aqueous 
humor. Although the intimate role of car- 
bonic anhydrase in this secretory process has 
not yet been elucidated, it is reasonable to as- 
sume that the inhibition of this enzyme 
would interfere with the production or avail- 
ability of bicarbonate and thus inhibit the 
formation of aqueous. This working hypoth- 
esis finds confirmation from the manner in 
which Diamox lowers intraocular pressure in 
rabbits and patients. 

In rabbit experiments, Linnér and F ried- 
enwald’ have noted that Diamox induces a 
delay in the appearance time of intravenously 
injected fluorescein. Thus, these observers 
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Fig. | (Becker). Repeated tonograms before and after the oral administration of 500 mg. 
Diamox to a patient with open-angle glaucoma. 
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Fig. 2 (Becker). Tonograms before and after 500 mg. Viamox in a secondary glaucoma. 


noted that the average fluorescein appearance Demorest and Becker® have confirmed this 
time for 10 large rabbits was 133 seconds. If delay in fluorescein appearance time in rabbit 
care is taken to eliminate those rabbits in eyes induced by Diamox administration. In 
which marked changes in iris permeability — this latter series the average fluorescein ap- 
are present, nephrectomy alone does not pearance time for 17 intact, pigmented, small 
affect fluorescein appearance time signifi- (2.0 kg.) rabbits was 63 seconds. Eighteen 
cantly. However, the administration of Dia- hours after nine of these animals were ne- 
mox to the same 10 animals following ne-  phrectomized, the average time of appearance 
phrectomy resulted in a prolongation of the was 64 seconds. However, when the remain- 
fluorescein appearance time to an average of ing cight rabbits were similarly nephrecto- 
228 seconds. mized and received 100 mg./kg. of Diamox 


TABLE 3 


LePECT OF ORAL ADMINISTRATION OF 5@) MG. DIAMOX ON INTRAOCULAR 
PRESSURE AND PACILITY OF OUTFLOW 
(16 eyes of 10 patients) 


Patient Diagnosis P, P, Cc, Cs 
MLN. Normal 15 11 0.22 0.23 
V.D. Normal 17 12 0.22 0.25 
Normal 19 13 0.20 0.20 

B.B. Normal 18 13 0.30 0.32 
Normal 18 14 0.28 0.28 
P.M. Normal 17 13 0.26 0.26 
Normal 17 14 0.25 0.234 

M.W. Open angle glaucoma 55 25 0.07 0.05 
Open angle glaucoma 51 25 0.07 0.05 

A.C. Open angle glaucoma 65 27 0.07 0.07 
C.H. Open angle glaucoma 35 25 0.08 0.09 
1.W. Secondary glaucoma 76 24 0.09 0.09 
Secondary glaucoma 54 21 0.10 0.11 

F.K. Secondary glaucoma 43 22 0.07 0.06 
Normal 15 12 0.14 0.16 


CG. Secondary glaucoma 55 27 0.08 0.10 


P, «Intraocular pressure before Diamox. 
P, «Intraocular pressure after Diamox. 
C, «Facility of outflow before Diamox. 
C, = Facility of outflow after Diamox. 


| 
C= 6.09 
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intravenously, fluorescein was not visible in 
the anterior chamber until an average of 104 
seconds. 

Data have also been accumulated to demon- 
strate that Diamox will produce a similar 
delay in fluorescein appearance time in nor- 
mal and glaucomatous eyes of some patients.* 
These findings suggest that Diamox induces 
a decrease in the rate of inflow of aqueous 
humor. 

Clinical observations in patients reveal that 
Diamox administration is not accompanied 
by any change in pupillary size. Furthermore, 
the fall in intraocular pressure induced by 
Diamox appears to be independent of, and in 
addition to, the pressure-lowering effects of 
miotics and filtering procedures, 

Most convincing evidence to date on the 
mechanism of action of Diamox is obtained 
by repeated tonography following short-term 
Diamox administration. As indicated in 
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Figures 1 and 2, Diamox reduced the intra- 
ocular pressure in eyes with primary and 
secondary glaucoma, but the tonographic 
tracings remained flat. Table 3 summarizes 
the effects of Diamox on intraocular pressure 
and facility of outflow in 16 eyes of 10 pa- 
tients. It will be noted that Diamox lowered 
intraocular pressure without significant 
change in facility of outflow. Such findings 
are consistent with the hypothesis that Dia- 
mox inhibits the inflow of aqueous into the 
eye, both normal and glaucomatous. 


SuM MARY 


The experimental and clinical evidence 
suggest that the carbonic anhydrase inhibitor, 
Diamox, lowers intraocular pressure in man, 
the dog, and the rabbit by a direct effect on 
the eye, probably an inhibition of the forma- 
tion of aqueous humor by the ciliary body. 

640 South Kingshighway (10). 
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DISCUSSION 


De. Haney Gaeeen: Dr. Becker is to be com- 
mended for his continued interest in the experi- 
mental evaluation of the action of Diamox. It is 
true, as Dr. McDonald has pointed out, that the 
experimental observations Dr. Becker has presented 
make it difficult to disagree with the conclusions 
drawn therefrom. 

However, at Wills Eye Hospital we have been 
conducting experimental tests with the use of 
Diamox on rabbits, and I would like to present 
some of our data which I believe lead to conclu- 
sions that suggest another possible explanation con- 
cerning the action of Diamox. 


Our experimental observations were along two 
essential lines, namely, the effect of Diamox upon 
the carbonic anhydrase activity of the ciliary body 
and iris, and also the effect of Diamox on the bicar- 
bonate levels of both the anterior aqueous humor 
and the blood plasma. 

Two routes of administration were used—one 
intravenous and the other subconjunctival. The 
subconjunctival injection of 10 mg. of Diamox led 
to a complete inhibition of the carbonic anhydrase 
of the ciliary body and iris within 15 minutes, 
lasting for at least 30 minutes. 

Intravenous injection of about 30 mg. of Diamox 


~ 
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per kg. of body weight of rabbit resulted in a 
time inhibition curve which was roughly an inverted 
V, with the peak of inhibition reached at about 30 
minutes and representing 93-percent inhibition of 
the total carbonic anhydrase activity of the tissue. 

In both cases we did not observe a fall in 
intraocular pressure. However, we were able to 
detect the presence of Diamox in the fluid of the 
anterior chamber. 

After subconjunctival injection of 10 mg. of 
Diamox, no drop in the bicarbonate level occurred 
in either the anterior aqueous humor or the blood 
plasma for approximately 60 minutes. With larger 
doses, however, and perhaps over a longer period 
of time, there was a fall in the bicarbonate level 
of the anterior aqueous, but there was a corre- 
sponding fall in the bicarbonate level of the blood 
plasma, at the same time. 

The results with the intravenous administration 
of Diamox and its effect on the bicarbonate level 
in both tissue fluids is shown on the slide. 

(Slide) The upper curve is the bicarbonate level 
of the aqueous humor in the anterior chamber, and 
the lower curve is the bicarbonate level in the blood 
obtained from the same rabbit practically simul- 
taneously with the tap of the anterior chamber. 
Time periods are as indicated. 

We believe it is very significant that the two 
curves are practically parallel, that is, the fall 
and the rise in the bicarbonate level are practically 
the same for both fluids. 


These results would tend to suggest that the 
bicarbonate level in the anterior aqueous is largely 
determined by the bicarbonate level fluctuations in 
the blood plasma, and it would tend to indicate that 
the mechanism for the maintenance of the differ- 


ence between the bicarbonate levels in the two 
fluids is independent of the action of Diamox and 
is not determined by the carbonic anhydrase activity 
of the ciliary body and iris. 

In conclusion, I would like to add that our obser- 
vations are difficult to reconcile with the presently 
accepted view that the bicarbonate level in the pos- 
terior chamber is elaborated by an active transfer 
mechanism, presumably by the ciliary body. 

Dre. P. McDonarp: | am sure that most 
of you are aware of the several clinical conditions 
for which Diamox may be used. Probably you do 
not have the complication of a shallow anterior 
chamber following cataratt surgery! This is not 
an original observation of mine, but Diamox will 
frequently relieve this condition, especially those 
cases in which the chamber becomes shallow on the 
second or third day. These are usually associated 
with a choroidal detachment. ° 

De. Frepextcx C. Biopvt: I would like to elabo- 
rate on some of the statements about the local use 
of Diamox as presented by Dr. Becker and Dr. 
(,reen. 

In lowa City we were rather intrigued by these 
possibilities for some time, and we have the per- 
mission of Dr. Foss to report on his experiments. 

We tried to use Diamox locally by topical ad- 


183 


ministration in various concentrations and also 
by subconjunctival injection in various concentra- 
tions and frequencies, in a way similar to that men- 
tioned by Dr. Becker and Dr. Green, without see- 
ing any effect on the intraocular pressure. We then 
tried to inject Diamox intracamerally in various 
concentrations and with various frequencies. Again 
the result was absolutely negative as far as intra- 
ocular pressure was concerned. 

However, it was interesting to see that if the 
concentration of Diamox was increased there was 
quite a damaging effect to the cornea. The cornea 
becomes edematous, not unlike the picture we saw 
the other day after the injection of streptokinase. 
The effect on the cornea is temporary, and it 
depends very much on the concentration of the 
drugs used. 

De. Joun Harets: To the long list of failures 
of local use, I could also add the administration by 
iontophoresis, at least in anita I have hesi- 
tated to use such a route in patients because one 
might accidentally induce a high local accumula- 
tion. So far, we have been unable to work out a 
satisfactory method for its chemical determination. 

We have been concerned about the possibility of 
a high accumulation of Diamox within the eye be- 
cause of some observations we have also made on 
the effect of the carbonic anhydrase inhibitors on 
the cation transport of the lens. They seem to in- 
hibit cation transport quite effectively. Our experi- 
ence has indicated that the ability to inhibit cation 
transport provides a rapid and reasonably accurate 
measure of the cataractogenic potential of an agent. 

We also have done experiments very similar to 
those Dr. Green mentioned, and have observed a 
marked drop in the bicarbonate level of the arterial 
plasma and a concomitant drop in the bicarbonate 
content of the aqueous. In each instance, however, 
the decrease in aqueous concentration paralleled 
and seemed dependent on the plasma concentration 
as Dr. Green described. 

We were unable to demonstrate any preferential 
drop in the bicarbonate concentration of the aqueous 
humor. By various local routes—by iontophoresis, 
subconjunctival injections, and so on—no change in 
the bicarbonate concentration was observed 

However, I do not feel that this mitigates against 
the conclusion that Dr. Becker has enunciated here 
In many situations, both clinical and in the experi- 
mental animal, the drug is very similar to Dibena 
mine, At times Dibenamine may cause a drop in 
the bicarbonate concentration of the aqueous humor, 
but always we have found a similar and parallel 
drop in the bicarbonate concentration of the plasma 

However, if one measures the turnover of 
aqueous, particularly using glucose as the measuring 
tool, Dibenamine appears to reduce aqueous forma 
tion. Thus, the aqueous-forming mechanism at 
tempts to maintaim a relatively constant chemical 
composition with respect to plasma, and the in 
duced pressure drop which Dr. Becker has indi 
cated is not so much due to a change in composition 
as it is a change in total elaborated volume of an 
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aqueous of relatively constant composition with re- 
spect to plasma. This concept fits our data with 
Dibenamine and our data with Diamox. 

De. Henny F. Atten: We believe that primary 
glaucoma is due to an obstruction to outflow while 
the input remains constant. We believe that Diamox, 
without affecting the outflow, reduces the inflow of 
aqueous. | would like to ask if there is a quantita- 
tive difference in the response to Diamox of normal 
eyes—eyes with normal tension—and eyes with high 
tension, and, if there is a quantitative difference, 
whether it can be reconciled with those two theories. 

De. Gaeeen: I would like to make just 
one observation relative to the observation of Dr. 
Blodi namely, that the intracameral injection of 
Diamox in high concentrations leads to a local 
edema of the cornea. 

| wonder if that may be due to the relatively high 
alkaline pH of a water solution of sodium Diamox 
which exceeds that of 9.0. In our experiments we 
have neutralized the sodium Diamox to a pH of 
8.8 to 9.0, and have not noticed any local inflamma- 
tory effects in the eye. 

De. Beananp Becker (closing): First, let me 
thank Dr. Green, Dr. Blodi, Dr. Harris, and Dr. 
Allen for their interesting discussions. That was 
one of the purposes of presenting this material— 
to elicit such discussion. 

In answer to Dr. Green, I am very glad to hear 
that he has confirmed many of our findings. The 
evidence he presents that systemic Diamox admin- 
istration does inhibit the carbonic anhydrase of the 
ciliary body provides another postulated link in 
the chain of arguments used as to the mechanism 
of action of Diamox. 

Dr. Harris asked about a method for Diamox. 
| would suggest that he speak to Dr. Green who 
informed me that he is about to publish a method 
for determining Diamox. 

The failure to find a fall in intraocular pressure 
after local administration of Diamox corresponds 
to the lack of fall of bicarbonate ion in the anterior 
chamber under these circumstances. This remains 
one of the difficulties that we cannot explain. | 
would still like to look at this in terms of a failure 
of Diamox to penetrate to the secretory site. As 
Dr. Friedenwald pointed out at the Wilmer meet- 
ing, Diamox may act on the stroma of the ciliary 
body, and it would be difficult to know whether it 
actually penetrates to that site. In fact, why or 
how drugs penetrate to the stroma of the ciliary 
body is poorly understood. 

There is one point that is well worth making 
because it has led to a lot of work that has been 
all for naught. There are rabbits responsive and 
rabbits unresponsive to Diamox. This may sound 
like a minor point, but actually it turns out to be 
very important. Dr. Kinsey has spent a great deal 
of time and effort on the problem of unresponsive 
rabbits. Ballintine in Cleveland has also encountered 


unresponsive rabbits. For some reason that has not 
yet been explained, although all dogs respond and al- 
most all people respond, there are certain groups of 
rabbits which, either because of their age, their diet, 
their heredity, or some other condition, do not re- 
spond with a fall in intraocular pressure to Diamox. 
| think it is rather unfortunate that Dr. Green is 
working with a group of rabbits that do not respond 
to Diamox with a fall in intraocular pressure. It 
may account for his failure to alter aqueous bicar- 
bonate levels more dramatically. We have been 
more fortunate both in Baltimore and in St. Louis 
in having responsive animals. 

The point has been made by Dr. Green and by 
Dr. Harris that the fall in plasma bicarbonate and 
the fall in anterior chamber bicarbonate always 
parallel one another. We are dealing with a multi- 
plicity of effects in systemic administration of 
Diamox. It alters the amount of carbon dioxide 
blown off in the lung. There is a large effect on 
the kidney tubule, increasing the amount of bicar- 
honate excreted. The renal effect can be eliminated 
by nephrectomy. In such nephrectomized responsive 
rabbits, Diamox induces a fall in aqueous bicarbon- 
ate with little change in plasma bicarbonate. This 
is suggestive evidence that Diamox alters the pro- 
duction or entrance of bicarbonate into the eye. 

We also have noted corneal damage upon inject- 
ing Diamox into rabbit eyes, but only if alkaline 
solutions are used. 

I think it is very important, as Dr. Harris has 
indicated, for more work to be done on the effects 
of Diamox on the lens. There is an enormous 2on- 
centration of carbonic anhydrase in the lens, and, 
as far as I am aware, no one has established the 
functional role of the enzyme in the lens. 

The only other point | want to make is in 
answer to Dr. Alilen’s question. One can quantitate 
the effects of Diamox from the tonographic trac- 
ings. As you know, tonography can be used as a 
method for determining the rate of flow of 
aqueous, as Grant has pointed out. Although there 
are many sources of error inherent in the method, 
when it is used repeatedly on the same eye, many 
of the errors cancel out and one can determine 
how much one has inhibited flow of aqueous by the 
administration of Diamox. 

When one does so in the series of patients such 
as was presented here, one finds that there is essen- 
tially the same amount of inhibition of flow in 
normal eyes as there is essentially the same amount 
of inhibition of flow in normal eyes as there is in 
eyes with glaucoma. The amount of inhibition of 
flow that is induced by the administration of 500 
mg. of Diamex varies from approximately 50 to 
70 percent. However, 50 percent inhibition of flow 
in a normal eye may lower the pressure from 18 
to 14 mm. Hg, whereas, 50 percent inhibition of 
flow in a glaucomatous eye may lower the pressure 
from 60 to 35 mm. Hg. 


STUDY OF PATENCY OF OPENINGS IN CORNEAS ANTERIOR 
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INTERLAMELLAR PLASTIC ARTIFICIAL DISCS* 
WILLIAM Stone, M.D. 


(With the technical assistance of Cecelia Hogan, Raymond Jahrling, 
Leonard Reynolds, and Eleanor McCall) 
Boston, Massachusetts 


This paper presents a continuation of 
work reported in 1952.' At that time it was 
shown that plastic discs of various diameters 
could be maintained in rabbit corneas in in- 
terlamellar fashion for indefinite periods. It 
was also shown that an opening in the corneal 
layer anterior to the plastic disc remained 
patent in one animal for one year until the 
natural death of the animal. Since then, 
plastic discs have been maintained in some 
rabbit corneas indefinitely (table 1) (fig. 1). 
Until recently, however, it has been impos- 
sible to maintain an opening in the anterior 
layer of a cornea for more than a short 
period. This report concerns the experiments 
conducted in an attempt to maintain patency 
of these openings. 


BASIS FOR EXPERIMENTAL METHOD 


As reported in 1952,’ the anterior corneal 
opening which remained patent for one year 
had been formed inadvertently. It was 
thought then that the experiment could be 
repeated easily by means of trephining the 
anterior corneal layer, and that it would be 
necessary merely to find the optimal size 
hole and the optimal time of placement. This 
was not so. Nonetheless, it was decided to 
continue to center the experimental design 
around variation of operative procedure 
rather than to introduce other factors, sugh 
as growth inhibiting substances, for it had 
been without the agency of other factors 
that the first experiment had proved success- 


ful. 


*From the Massachusetts Eye and Ear Infir- 
mary. This work was supported in part by the Office 
of Naval Research (Contract Nonr 1173-01), the 
United States Air Force (Contract AF 18-600-614), 
the National Society for the Prevention of Blind- 
ness, and the Boston Host Lions Club. 
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VARIATION OF SIZE OF TREPHINE HOLE 


Trephine holes of varying diameters were 
made in the anterior corneal layers after the 
placement of the discs. In each case, mm ap 
proximately six to 27 days after the hole was 
trephined, a salmon-colored, slightly raised 
ring about two mm. in width would appear 
at the edge of the hole (fig. 2B). This ring 
would gradually advance toward the center 
of the hole (figs. 2A to F, inclusive) until 
after approximately 37 days the entire open- 
ing would be closed by newly formed tissue. 

Grossly this tissue showed translucent and 
opaque areas, suggesting possibly a more 
symmetrical arrangement of new fibers in 
the translucent areas, It is seen in Table 2 
that the size of the opening influences the 
time of closure very little ; and in no case did 
a trephine hole, no matter how large, re 
main patent beyond 52 days (table 3). 


TIME INTERVAL BETWEEN PLACING IMPLANT 
AND TREPHINING HOLE 


It had been thought that the time interval 
between the placing of the plastic dise and 
the trephining of the hole might be a factor 
in maintaining patency. Approximately six 
to 26 days after the placement of the dise, 


TABLE 1 


RABBITS MAINTAINING INTERLAMELLAR PLASTIC 
DISCS WITHOUT EXTRUSION POR LONG,- 
EST TIME INTERVALS, AS OF 
JUNE 16, 1954 


sas, Operative Date of Time in 
Rabbit Date Death lace 
7 1/31/52 11/20/53 1 yr., mo. 
15 2/13/52 2 yr., 4 mo 
ROA 5/25/50 9/ 9/53 
234 10/29/52 


1 yr., mo. 
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TABLE 2 


RELATION BETWEEN SIZE OF TREPHINE HOLE IN 
CORNEAL LAYER ANTERIOR TO PLASTIC DISC AND TIME 
OF CLOSURE IN RABBIT EYES 


Time of 


Experi- Size of Closure 
ment Trephine After 
Number (mm.) Operation 
(Days) 
15 6 4 40° 
25 4 50° 
30 2 4 30 
O4 4 38 
15 5 5 40 
42 ! 5 35 
225 2 5 20 
234 1 5 40 
234 5 5 40° 
244 6 5 
49 I 5 33 
51 3 5 27 
4 5 41 
55 ! 5 20 
61 1 5 4% 
74 I 5 50 
75 ! 5 38 
77 1 5 35 
77 2 5 43 
78 i 5 50° 
79 1 5 31 
84 5 §2 
85 5 
15 1 6 41 
20 2 6 30 
21 2 6 28 
29 2 6 40 
30 1 6 35 
225 1 6 25 
225 5 6 40 
227 I 6 41 
51 2 6 37 
51 6 6 29 
52 ! 6 45 
52 2 6 49 
54A 1 6 36 
74 2 6 50° 
15 2 7 48 
15 3 7 50 
25 2 7 42 
25 3 7 40 
29 3 7 35 
51 ! 7 45 
234 3 x 27 
* Approximated. 


large sheaths of vessels grow into the cornea 
from the limbus and are finally supplanted by 
several fine trunks. It was reasoned that by 
making the trephine hole before this in- 
growth, the nutrition of the cells at the 
trephine edge might be impaired and thus 
inhibit or redirect their growth backward to 
the stroma and the peripheral holes. 


Fig. 1 (Stone). Photograph shows an interlamel- 
lar plastic disc which has been in place two years, 
four months as of June 16, 1954. Rabbit 15. Opera- 
tive date, February 12, 1952. Photographed June 8, 
1954. 


As can be seen in Table 4, this hypothesis 
was not substantiated. The holes closed over 
in approximately the same period, 20 to 52 
days, irrespective of the time they were made 
after the discs were inserted (table 5). 

It was learned, nevertheless, that when 
trephining was done at the same time as, or 
within one week after the placement of the 
discs, they were more likely to extrude. This 
could be caused by three factors: (1) The 
stroma had not as yet invaded the peripheral 
holes; (2) barriers to infection had not as 


yet been erected (table 4, Rabbits 20, 46, 47, 


TABLE 3 


TIME OF CLOSURE IN RELATION TO SIZE OF 
TREPHINE HOLE IN RABBIT CORNEAS 


— 


Closure Time After 
Original Operation 


Number Size of 
of Trephine 


Rabbits (mm.) Maxi- Mini- Aver- 
mum mum age 
(days) (days) (days) 
‘ — 
19 5 §2 20 38 
14 6 50 29 38 
6 7 50 35 43 
1 x 27 27 27 


PLASTIC ARTIFICIAL DISCS 


Fig. 2 (Stone). Photographs show closing of trephine hole in anterior corneal layer in 
front of plastic dise. Rabbit 21, Experiment 2. 

(A) Two days postoperative, slight engorgement of vessels. (2B) Eight days postoperative, distinct 
salmon-colored ring can be seen at edge of hole. (C) Thirteen days postoperative, salmon-colored edge 
has increased in thickness and width. (D) Twenty-one days postoperative, salmon-colored edge has nearly 
obliterated hole. (E) Twenty-three days postoperative. (F) Twenty-nine days postoperative, completely 


closed. 
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TABLE 4 


RELATION OF TIME INTERVAL BETWEEN PLACING OF TREPHINE HOLE AFTER INSERTION 
OF PLASTIC DISC AND CLOSURE OF HOLE IN RABBIT CORNEAS 


Time of Time of 
Closure Extrusion 
Rabbit Experiment Time after Original Operation after after 
Number Number Trephine Placed Trephine Trephine 
Placed Placed 
(days) (days) 
45 ! Trephined during placement of disc 40 
46 I Trephined during placement of disc 20 
47 1 Trephined during placement of disc 21 
48 I Trephined during placement of disc »” 
49 I Trephined during placement of disc 33 
50 ! Trephined during placement of disc 84 
51 I Trephined during placement of disc 45 
§2 I Trephined during placement of disc 45 88 
52 2 Trephined during placement of disc 49 
53 l Trephined during placement of disc 32 
5S4A l Trephined during placement of disc 36 
58 1 Trephined during placement of disc 130 
61 ! Trephined during placement of disc 48 
64 l Trephined during placement of disc 38 
65 ! Trephined during placement of disc 50 
66 I Trephined during placement of disc 51 
68 l Trephined during placement of disc 25 
69 ! Trephined during placement of disc 24 
74 I Trephined during placement of disc 50 
75 I Trephined during placement of disc 38 
77 1 Trephined during placement of disc 35 
78 l Trephined during placement of disc 50 
79 .* Trephined during placement of disc 31 
808 I Trephined during placement of disc 14 
KA 1 Trephined during placement of disc 52 
85 ! Trephined during placement of disc 52 
10 ! Trephined during placement of disc 23 
11 ! Trephined during placement of disc 11 
227 ! Trephined during placement of disc 41 
7 ! days 73 
225 ! 22 days 25 
25 l 25 days 50 
234 I 27 days 40 
55 2 Imo., 7 days 20 
42 1 1 mo., 11 days 35 
61 2 1 mo., 29 days 51 
77 2 2mo., 3 days 43 
55 3 2mo., 4 days 7 
74 y 2 mo., 20 days 42 
20 2 3 mo., 11 days 30 199 
Ww 1 3 mo., 19 days 35 
225 2 3 mo., 22 days 20 
51 2 3 mo., 25 days 37 
234 5 4mo., 5 days 27 
4 mo., 25 days 30 
51 5 Smo., 2 days 27 
51 4 6mo., 5 days 41 
29 2 6 mo., 12 days 40 
21 2 7 mo. 28 
25 2 7 mo., 17 days 42 
51 5 7 mo., 29 days 26 
15 ! 8 mo., 11 days 41 
29 3 8&8 mo., 12 days 35 
51 6 8 mo., 25 days 29 
15 2 9 mo., 23 days 48 
225 3 9 mo., 28 days 40 
25 3 10 mo., 19 days 40 
234 5 11 mo., 23 days 40 
15 3 12 mo., 27 days 50 
234 6 14 mo., 26 days »” 
15 5 19 mo., 12 days 40 
15 6 22 mo., 21 days 40 


— — 
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TABLE 


RELATION OF TIME INTERVAL BETWEEN PLACING OF TREPHINE HOLE AFTER INSERTION OF PLASTIC 
DISC AND CLOSURE OF HOLE IN RABBIT CORNEAS 


Time of Closure after Trephine Placed 


Number of Time after Original Operation 
Rabbits Trephine Placed (days) 
Maximum Minimum Average 

29 Trephined during placement of implant 52 $1 43 

4 7 to #O days 50 25 a 

12 1 mo. to 6 mo. 43 20 43 

13 6 mo. to I yr. 48 28 $7 

50 w 40 


4 1 yr. to 2 yr. 


52, 58); (3) the stability of the implant had 
not been established and consequently there 
was slippage of the disc. 


VARIATION IN OPERATIVE TECHNIQUE 


The results of various operative techniques 
employed in producing the trephine hole are 
shown in Table 6. The technique in which 
the edge of the hole was made perpendicular 
to the corneal surface is not listed in the 
table. This procedure was used in the major- 
ity of experiments shown in Tables 2 and 4. 
The holes remained open for only short 
periods. 

The possibility that epithelial cells might 
grow around the edge of the underlying 
stroma and back to the region of the periph- 
cral holes, if given assistance, was explored. 
In Table 6, items 2, 3, and 4, the technique 
was such that the edge of the opening was 
angled with its posterior part directed periph- 
crally by means of a scissor incision. In 
items, 5, 6, 7, and 8, Table 6, are listed the 
experiments in which the epithelium was 
undermined back to the area of the first row 
of holes by means of incising immediately 
beneath the epithelium, lifting the epithelial 
layer, and cutting the stroma at the desired 
peripheral distance with an angle knife. 

The procedure in items 9 through 18, 
Table 6, was to trephine an opening wider 
than the first row of peripheral holes. It was 
thought that the advancing epithelial cells 
might grow to the stroma tissue, invading the 
peripheral holes, and produce a seal. In an 
attempt to augment this and possibly permit 
the ingrowth of epithelial cells before the 


invasion of holes by stroma, the tissue was 
evacuated from the first row of per:pheral 
holes (table 6, items 19 through 22). In all 
of the foregoing experiments there was no 
significant influence on the time of closure of 
the anterior corneal opening, 

In items 23 through 26, Table 6, cruciate 
incisions were made the 
anterior corneal layer. The flaps so formed 


im the center of 


were drawn posteriorly and peripherally, 
folded upon themselves, and secured with 
catgut in the region of the peripheral holes. 
This was an attempt to bring the epithelial 
cells at the edge of the trephine hole into 
contact with the peripheral holes. 
There was an increase in time of closure of 
two out of four of these experiments to 
nearly the upper limit of the previously es- 
tablished closure times, that is, 52 days. This 
was not thought to be significant. 

In the next four experiments (items 27 
through 30, Table 6), in placing the implant, 
the incision into the cornea was very super- 
ficial throughout in an attempt to include only 
the epithelial cells and their basement mem- 
branes. This might allow the epithelial cells 


closer 


to grow backwar« before the advancement of 
stromal tissue. [here was a significant in- 
crease in the time of closure of the holes in 
this experiment in two of the four proce 
dures. While the holes were still patent in 
this experiment, it was found that in the ex 
periments listed in items 28 and 30, Table 6, 
the periphery of the dise eroded through 
from pressure necrosis between the dise and 
the overlying lids. 

This observation initiated the procedure 
followed in experiments shown in items 31 
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TABLE 6 
DIAGRAM OF VARIOUS OPERATIVE PROCEDURES USED IN CUTTING A HOLE IN 
CORNEAL LAYER ANTERIOR TO PLASTIC DISC AND RESULTS ee 
Time [Praceme ofter 
item Robbit| Exp. | Closure |Pilacement of 
Number Operative Procedure Number |Number| ofter op |implant. 
Stroight Cut Experiments with this operative proced- 
ure not included. Majority of experi — 
I, Lr ments in Charts |and 2 employed this 
x method and are noted there. 
2 
Angie Cut 
Ae 
al 30] 35 — 
Undermined with Angie Knife e9 40 
6 29 2 40 
7 30 | 2 | 30 
8 42 35 
9 15 2 48 — 
10 227 4\ 
Trephined post first 
1 | row of holes. 45 38 130 
12 46 20 
/ 6: | as} 1 | — 30 
14 \ a9 | 1 | 33 
15 90 
16 5 | 45 
17 52 45 114 
18 554A; 36 
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TABLE 6 (Continued) 


Time of Extrusion otter 
Num Rob xp. ure 
Trephined post and with DAYS |DAYS POST-OP 
evacuation — first row holes. 20 2 3 O 9 
20 25 40 
2 225 2 20 
22 234| 3 | 22 _ 
Cruciote incision with 
23 flops sutured under. 15 6 40 ae 
24 5 | 5 26 - 
25 6 | 2 5 | 
26 66 5 
27 Very Superficial! incision 234 | 40 
28 58 ome 130 
14 
30 so; 90 
3 | Thin- thick Incision 6 | | 47 am 
33 |/7 65; 1 | — 72 


through 33, Table 6. The center of the an- 
terior corneal layer was dissected very super- 
ficially for two to three mm. from the edge 
of the trephine hole after it was cut. A deep 
corneal dissection was made from the pe- 
riphery inward. The two planes were joined. 
The overlying tissue was then thick periph- 
erally and thin centrally. The disc was 
slipped under these layers. The trephine hole 
was made at the time of the original 
operation. 

In one of these latter experiments, item 32, 


Table 6, Rabbit 62 (fig. 3), the trephine hole 
was still patent as of June 16, 1954 (submis- 
sion date of this paper), eight months after 
the original operation and trephining. One 
additional change was made in the procedure 
in this experiment, that is, the plastic implant 
itself was increased in central thickness. 


THICKNESS OF PLASTIC IMPLANT 


Prior to the experiment performed in Rab- 
bit 62, the shape of the plastic implant had 
been altered continuously, but the thickness 
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TABLE 7 


RABBIT CORNEAS FITTED WITH 1.5-MM. THICK IMPLANTS IN INTERLAMELLAR FASHION. TREPHINE HOLES 
(4.0 um. TO 5.0 MM. IN DIAMETER) PLACED IN CORNEAL LAYER ANTERIOR 
TO PLASTIC DISC AT TIME OF INSERTION OF DISC 


— 
- - 


Operative 


60 9/23/53 

62 10/14/53 

65 10/19/53 

66 10/26/53 

73 2/ 8/54 

Bl $/ 2/54 

82 3/ 4/54 Closed, 2 mo., 
83 4/ 4/54 

87 3/15/54 


3/17/54 


had remained relatively constant, that is, 0.25 
mm, The thickness of the dise in Rabbit 62 
was increased to 1.5 mm. in the center and 
the disc was reshaped. 

When it was found that the anterior 
trephine hole in Rabbit 62 was destined to 
remain patent for longer than the usual 
period, rabbits noted in Table 7 were fitted 
with 1.5-mm. discs. The operative procedure 
in these entailed placing of the disc at mod- 
erate depth in the stroma and, at the same 
time, making a trephine hole in the center of 
the anterior layer. 

As can be seen in Table 7, the opening in 


Fig. 3 (Stone). Rabbit 62. Trephine hole in 
corneal layer anterior to plastic disc has remained 
patent eight months as of June 16, 1954. Operative 
date, October 14, 1953. Photographed June 8, 1954. 
Dise of 1.5-mm. thickness at center. 


Result Extrusions and Reasons 


40-—eye infected 


Open as of 6/16/54, 8 mo. - 


50-—-erosion 
51—-erosion 


Open as of 6/16/54, 4 mo., 8 days _ 
n as of 6/16/54, 3 mo., 14 days ~- 


23 days 


Open as of 6/16/54, 3 mo., 12 days 
Open as of 6/16/54, 3 mo., | day 


9—eye infected 


the anterior cornea of Rabbit 73 (fig. 4) has 
remained patent four months, eight days, as 
of June 16, 1954, the opening in the anterior 
layer of the cornea of Rabbit 81 (fig. 5) has 
remained patent three months, 14 days as of 
the same date: in Rabbit 83 (fig. 6) the 
opening has remained patent three months, 
12 days as of June 16, 1954; and in Rabbit 
87 (fig. 7) the opening has remained patent 
three months, one day as of June 16, 1954. 
With the same technique, extrusion occurred 
as a result of infection or erosion in Rabbits 
60, 65, 66, and 88 (table 7). Rabbit 82 is of 
interest for, with presumably the same plastic 


Fig. 4 (Stone). Rabbit 73. Trephine hole in 
corneal layer anterior to plastic disc has remained 
patent four months, eight days, as of June 16, 
1954. Operative date, February 8, 1954. Photo- 
graphed June 8, 1954. Disc of 1.5-mm. thickness at 
center. 


Rabbit 
ate 
88 

‘ 


PLASTIC ARTIFICIAL DISCS 193 


disc and the same technique, the anterior hole 
closed in two months, 23 days (fig. 8, A, B, 
and C),. 

To evaluate the effect of reshaping the 
implant, discs with approximately the same 
shape as those placed in the experiments in 
Table 7 but with a thickness of 0.25 mm. 
throughout were placed in Rabbits 64, 89, 
and 90. Thus far in Rabbit 64 (fig. 9) the 
hole has grown over in 38 days. This has not 
occurred in the other rabbits but it is too 
early to draw any conclusions about the ulti- 
mate outcome, 


PREPARATION AND HANDLING 
OF PLASTIC DISCS 


Minute care and close supervision are nec- 
essary in the preparation of these discs. 
Small details in their handling often mitigate 
against the eventual result. Such insignificant 
factors as incomplete filtering of wash water 
may precipitate microscopic rust specks on 
the dise and produce foreign-body reactions. 
Minute oil films may come from inadequately 
filtered compressed air lines. Lack of rigid 
control of sterilizing temperatures permits 
slight variations in the shape of the implants 


Fig. 5 (Stone). 
corneal layer anterior to plastic disc has remained 
patent three months, 14 days, as of June 16, 1954. 
Operative date, March 2, 1954. Photographed June 
8, 1954. Dise of 1.5-mm. thickness at center. 


Rabbit 81. Trephine hole im 


Fig. 6 (Stone). Rabbit 8&3. 


Trephine hole in 
corneal layer anterior to plastic dise has remained 
patent three months, 12 days. Operative date, March 
4, 1954. Photographed June 8, 1954. Dise of 1.5-mm. 
thickness at center. 


sufficient to produce pressure necrosis in 
the cornea. Polishing materials and proce- 
dures are not utilized because of the pos- 
sibility of imbedding microscopic foreign 
bodies in the plastic. 
in the raw stock from the 
manufacturer must be supervised with care. 
Cast, extruded, injection, and compression 
molded stock all have different working 
properties. 
With the advent of experiments involving 


Differences 


Fig. 7 (Stone). Rabbit 87. Trephine hole in 
corneal layer anterior to plastic disc has remained 
patent three months, one day, as of June 16, 1954 
Operative date, March 15, 1954. Photographed 
June 8, 1954. Dise of 1.5-mm. thickness at center. 


‘ 
o 
d 
\ 
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Fig. 8 (Stone). Rabbit 82. Trephine hole in 
corneal layer anterior to plastic disc shown closing. 
Disc of 1.5-mm. thickness at center. (A) Two 
months, three days postoperative. Half-moon-shaped, 
salmon-colored tissue encroaching on hole from 
one side. (3B) Two months, 21 days postoperative ; 
opening is smaller, (C) Three months, four days 
postoperative; opening has closed completely. 


thickness of the plastic, absorption and 
porosity properties of varying batches of 
plastic may have to be tested. To evaluate the 
role which the shape of the disc plays in rela- 
tion to thickness, it will be necessary to con- 
trol molding procedures rigidly. It seems 
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possible that small changes in the shape of 
the anterior central area of the disc may be 
of importance. 

Discs must be individually molded in the 
periphery to different rabbit eyes, for the 
weight of the rabbit and the breed produce 
great variation in the size and convexity of 
the cornea. 

Because of these, and other variables, it 
has been found that the preparation and 
handling of the plastic discs is of equal, if 
not greater importance, in this work than the 
animal operative procedures. 


DISCUSSION AND CONCLUSIONS 


Openings have been maintained in the 
anterior corneal layer in apposition to inter- 
lamellar plastic discs in several rabbit eyes 
for considerably longer than the previously 


Rabbit 64. Trephine hole in 


Fig. 9 (Stone) 
corneal layer anterior to plastic disc closed over 
in 38 days. Plastic disc, 0.25-mm. thickness through- 
out, same shape as 1.5-mm. thickness discs. 


. 
4 
~ 
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NUMBER OF RABBITS 


DAYS 20-27 26-35 36-43 44-52 


(sraph 1 (Stone). Time of closure of trephine 
holes in corneal layer anterior to plastic dise with 
thickness of 0.25 mm. 


established maximum time (graph 1). This 
is with the one exception of the rabbit re- 
ported in the previous paper’ in 1952. At that 
time there was no indication as to why the 
opening remained patent. At present it seems 
that either the shape or the thickness of the 
plastic dise is the controlling factor, Study is 
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underway in this laboratory to determine 
which one of the two factors may be the 
more important. 

The related problem of why a specific 
fabrication of these discs inhibits corneal 
growth is also being investigated. The rela- 
tion of porosity and absorption properties of 
the plastic to nutritional or other factors 
from the anterior chamber is being con- 
sidered. We hope we may utilize this proce- 
dure of plastic disc implantation as a method 
to study general factors influencing tissue 
growth. 

Many problems remain to be solved before 
human experimentation should be attempted. 
Premature efforts in this direction might well 
work to the detriment of the procedure and 
to the individual volunteer. 

It must be emphasized that the fabrication 
of these elements should remain in the hos 
pital laboratory so that their production may 
be critically supervised and so that the pos- 
sibility of overenthusiastic exploitation may 
be minimized. 
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DISCUSSION 


De. Warren S. Reese: | think Dr. Stone is to 
be congratulated on having pioneered such an m- 
triguing subject as corneal implants. 

Several of us at the Wills Eye Hospital have 
partly duplicated these experiments, and we pres- 
ently have a number of rabbits in which these im- 
plants have remained for as long as one year. We 
have not succeeded in maintaining an implant im a 
cornea that has been trephined, and I believe this 
coincides with Dr. Stone's experience. 

I would like to ask Dr. Stone whether he has 
done any of these experiments on human enucleated 
eyes. I suspect that the technical difficulties might 
be less on human eyes than on rabbit eyes. 

I should also like to ask him whether he routinely 
uses any drugs, such as antibiotics, and so on, in 
these experimental animals. 

De. Loranp V. Jounson: I have been intrigued 
with the potentialities that these studies have pre- 
sented. Likewise, | am curious about the reaction 
of tissue around foreign matter in the cornea. I 


wish Dr. Stone would clarify a little more his 
thinking on the shape of the dise and its relation to 
extrusion. 

De. Witttam Stone, Ie, (closing): I should like 
to thank Dr. Reese and Dr. Johnson for their re- 
marks 

I think that possibly I did not make a point suf 
ficiently clear, for we have definitely maintained a 
number of implants in rabbit corneas which have 
heen trephined. The longest one with a trephine has 
remained in place, as of the present, a period of 
eight months. The longest interval we have main- 
tained an implant without a trephine is three years, 
three months, until the natural death of the animal 

In answer to Dr. Reese's question about human 
experimentation, we have been working on this prob 
lem for about five years, and we are firmly of the 
philosophy that until everything has been done that 
can be done on laboratory animals, it would be un 
fair to human volunteers and also unfair to the 
procedure to attempt human experimentation. If a 
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person has been blind for a number of years, cer- 
tainly he can continue for a few more years until 
we can be more certain that this experiment will 
help him when it is used. 

l am very much against human experimentation 
at this time. I think it would be premature, and | 
certainly would not do it myself. 

As far as antibiotics are concerned, we carry on 
a completely sterile technique with our rabbits, and 
we use antibiotics and atropine every day for a 
week after the operation; otherwise, we find that 
our morbidity through infection is very high. 

In reply to Dr. Johnson's question, I would like 
to show another slide. 
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(Slide) As far as the shape of the implant is con- 
cerned, these are the different series and shapes of 
implants that we have used. We find that small 
differences in shape make a tremendous difference 
insofar as whether the implant remains in place or 
not. We find that practically each individual rabbit 
has to have an individual implant made for it; 
because different species of rabbits and different 
weights of rabbits vary considerably in the size of 
their corneas and in the convexities of their corneas. 
We cannot make a definitive statement as to whether 
it is thickness or shape of the plastic st present 
which maintains patency. 


AN UNSUCCESSFUL ATTEMPT TO PRODUCE HYPERSENSITIVITY 
TO UVEAL TISSUE IN GUINEA PIGS* 
Howarp A. Naguin, M.D. 


Baltimore, Maryland 


I. INTRODUCTION 


It has long been known that various ap- 
parently unrelated substances have an ad- 
juvant effect upon the development of hyper- 
sensitivity to antigens in experimental ani- 
mals. This interesting subject has been re- 
viewed by Freund." 

Clark, Zellmer, and Stone*® found that the 
production of agglutinins for B. typhosus 
was increased in rabbits by the previous ad- 
ministration of heat-killed gram-positive 
cocci, 

Lewis and Loomis* showed that the capac- 
ity of guinea pigs to react to antigenic sub- 
stances by antibody formation was increased 
by concomitant tuberculous infection. They 
further showed that dead tubercle bacilli, 
trypan blue, and injection of Bacillus abortus 
or streptococci had similar adjuvant effects. 

These observations were confirmed and 
extended by Dienes* and Dienes and Schoen- 
heit.” They found that both anaphylactic and 
tuberculin type hypersensitivity to horse 
serum or egg-white antigen were produced 
when these antigens were injected into sub- 
cutaneous tuberculous lesions. 


* From the Wilmer Ophthalmological Institute of 
The Johns Hopkins Hospital and University. 


Burky® found that staphylococcus toxin 
had an enhancing effect on the development 
of hypersensitivity to poorly antigenic sub- 
stances, Coulaud’ found that sensitization to 
tuberculin in guinea pigs developed to an 
unusually high degree when killed tubercle 
bacilli incorporated in paraffin were injected 
subcutaneously. Ramon, Lemetayer, and 
Richou*® found that paraffin oil or lanolin 
both enhanced the formation of diphtheria 
antitoxin. 

Freund and McDermott® reported the ad- 
juvant effect upon development of hyper- 
sensitivity by combining an aqueous solution 
of antigen with paraffin oil containing killed 
tubercle bacilli, using as an emulsifying 
agent, aquaphor, and an ointment base de- 
rived from lanolin. Freund’s report stimu- 
lated widespread interest and an enhanced 
immune response to a variety of substances 
was obtained by various workers’® using 
Freund's technique. 

Kabat, Wolf, and Bezer’' and Morgan” 
produced an acute disseminated encephal- 
omyelitis in monkeys by intramuscular in- 
jection of central nervous system tissue with 
adjuvants. Kabat, Wolf and Bezer’’ per- 
formed right frontal lobectomies on six 
rhesus monkeys and froze the removed brain 
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tissue. Following recovery, each monkey was 
given three intramuscular injections, at 
weekly intervals, of emulsion of its own 
brain using Freund's technique. Five of the 
six animals developed symptoms of acute 
disseminated encephalomyelitis within four 
to 28 days after the third injection. 

Freund, Stern, and Pisani’* reported an 
isoallergic encephalomyelitis and radiculitis 
in guinea pigs after one injection of braim 
and mycobacteria in water-in-oil emulsion. 

Lucic’® reported on the sensitization of 
rabbits to uveal tissue by the synergic action 
of staphylococcus toxin. He employed the 
technique described by Burky in producing 
lens sensitization, and reported that six of 
22 rabbits given repeated weekly injections 
of bovine uveal pigment and staphylococcus 
toxin showed sensitization to uveal pigment 
by histologic examination of skin test site 
14 days after testing. 

Collins,’* in 1949, reported the production 
of large areas of focal infiltration with 
lymphocytes and epithelioid cells m_ the 
choroid of 12 of 25 guinea pigs given mac- 
erated whole guinea pig uvea using the ad- 
juvant technique of Freund. Nineteen con- 
trol animals given ecither adjuvant alone or 
adjuvant plus an unrelated tissue, liver, 
showed no abnormal histopathologic findings. 
Seventeen of the 25 animals were tested in- 
tradermally with uveal pigment, and showed 
no tuberculin-like reaction. Quantitative com- 
plement fixation tests to whole guinea pig 
uvea were done on 12 animals and found to 
be negative. 


Il. EXPERIMENTAL PROCEDURE 


Following the publication of Collins’ re- 
port, it appeared worthwhile to extend his 
work, using uveal antigen from both albino 
and nonalbino guinea pigs. The following 
experiment was therefore carried out. 

Uveal tissue antigen was obtained from 
healthy guinea pigs, albino and nonalbino, 
which had been stunned and exsanguinated. 
Immediately after exsanguination, the eyes 


were enucleated and frozen in carbon dioxide 
snow. The eyes were later thawed out, dipped 
for several seconds in boiling water, and the 
entire uveal tract removed under sterile tech- 
nique. The uveal tracts were ground in sterile 
saline, in a mortar, and then further ground 
in a tissue grinder. Normal saline was added 
so that one uveal tract was suspended in 0.5 
ce. of saline. Phenol was added to make a 
0.5-percent solution. The uveal tissue sus- 
pensions were placed in sterile rubber stop- 
pered bottles. Separate suspensions were ob 
tained with albino and nonalbimo uveas. 

Lens antigen was obtained from the same 
eyes as the uveal tissue antigen. The lens 
capsule, with adherent uveal pigment, was 
removed and the remaining lens tissue was 
ground in sterile normal saline in a motar. 
Normal saline was added so that one lens 
was suspended in 0.5 cc of saline. Phenol 
was added to make a 0.5-percent solution and 
the suspension was placed in sterile rubber 
stoppered bottles. 

Four water-in-oil emulsions were prepared 
according to the technique of Freund, using 
pigmented uveal antigen, albino uveal anti- 
gen, lens antigen, and O.5-percent phenol in 
saline. One part of autoclaved aquaphor was 
added slowly to two parts of antigen in 
saline in a_ sterile mortar, and mixed 
thoroughly. One part of autoclaved paraffin 
oil, in which had been suspended 2.0 mg. 
(dried weight) of heat killed virulent human 
tubercle bacilli per ce., was then added. One 
cc. of final emulsion therefore contained one 
uveal tract or one lens and 0.5 mg. of tuber- 
cle bacilli, 0.5 cc. of saline (plus phenol), and 
0.25 cc. of aquaphor, and 0.25 ce. of paraffin 
oil. 

Seventy-two guinea pigs, male and female, 
albino and nonalbino, weighing between 250 
and 750 gm. were divided into six groups of 
12 animals and each animal was given two 
subcutaneous injections, one week apart, of 
1.0 cc, of emulsion as follows: 

Group I. Pigmented uvea in water-in- 

oil emulsion. 
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Group II. Albino uvea in water-in-oil 

emulsion. 

Group III. 0.5-percent phenol in saline 

in water-in-oil emulsion. 

Group IV. Lens tissue in water-in-oil 

emulsion. 

Group V. Pigmented uvea in saline. 

Group VI. Albino uvea in saline. 

The animals were examined with a hand- 
light and ophthalmoscope every two to three 
days. Half of the animals in each group were 
killed five weeks after the first injection, and 
the remainder seven weeks after the first 
injection. 

Two weeks before death, each animal was 
given an intradermal skin test consisting of 
0.1 cc, of guinea pig uveal tissue suspension 
in saline, both albino and nonalbino, as pre- 
pared previously. Forty-eight hours before 
death, each animal was given a series of in- 
tradermal skin tests which included (1) 0.1 
ce. of old tuberculin (0.1 mg./ec.), (2) 0.1 
cc. of guinea pig lens in saline, (3) control. 
All skin tests were observed at 24 and 48 
hours, and the uveal skin tests injected two 
weeks previously were excised at time of 
death. At the time of death all eyes were 
enucleated and subsequently examined his- 
tologically. 


Ill. Resutts 


The results of the various skin tests as 
observed 48 hours after injection are shown 
in Table 1. In no case was a tuberculin-type 


skin reaction noted to either pigmented uvea 
or to nonpigmented uvea. That the animals 
were capable of developing tuberculin-type 
skin reactions is shown by the uniformly 
strong reaction to both old tuberculin and to 
lens protein. 

The excised pieces of skin containing the 
uveal skin tests were examined histologically. 
In no case was a positive or even doubtful re- 
action observed. 

The enucleated eyes of all animals were 
examined histologically after staining with 
hematoxylin and eosin. The only abnormal- 
ities noted were occasional scattered small 
collections of lymphocytes in the uveal tracts. 
No epithelioid cells were found, and no 
lesions resembling Dalen-F uchs nodules were 
found. The scattered collections of small 
lymphocytes were found in approximately 
one third of all the eyes, and were found in 
approximately equal numbers in all six 
groups. 

IV. CoMMENT 


Freund’s adjuvant technique has proven 
itself a powerful tool in the experimental 
production of hypersensitivity to various 
proteins. The work of Collins suggested that 
the application of this technique offered an 
excellent method for the study of hypersen- 
sitivity to uveal tissue in experimental ani- 
mals, Under the conditions of this single ex- 
periment, Collins’ results were not confirmed. 
It is difficult to be certain whether this was 


TABLE 1 
RESULTS OF INTRADERMAL SKIN TESTS AS OBSERVED 48 HOURS APTER INJECTION 


Group 
I. Pigmented uvea in water-in-oil 
emulsion | 0 
Il. Albino uvea in water-in-oil | 
emulsion 0 
Hit. 0.5% phenol in saline in water-in- | 
oil emulsion | 0 
IV. Lens tissue in water-in-oil 
emulsion | 0 
V. Pigmented uvea in saline ) 0 


VI. Albino uvea in saline 0 


bine 
‘thm Puberculin Lens Control 
(0.1 mg./ec.) 
0 +++ 0 | 0 
0 +++ | 0 | 0 
0 +++ 0 | 0 
0 | +++ +++ 0 
0 0 0 0 


0 | 0 | 0 
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the result of some unknown factor in the 
technique here used or whether the proteins 
of the uveal tract are unusually reluctant in 
the production of a hypersensitive state. The 
fact that a tuberculin-type skin sensitivity to 
lens protein was produced suggests that the 
latter explanation may be the correct one. 


V. CONCLUSIONS 


Using Freund's adjuvant technique, an at- 
tempt was made to produce hypersensitivity 
to uveal tissue in guinea pigs. Under the con- 


ditions of the experiment neither a tuber- 
culin-type skin hypersensitivity to uveal 
tissue nor a positive uveal pigment skin test 
as determined histologically could be pro- 
duced. Likewise, there were no histologic 
lesions produced in the eyes that were in 
any way suggestive of sympathetic ophthal 
mia. Hypersensitivity to lens protem as 
demonstrated by tuberculin-type sensitivity 
was produced using the adjuvant technique, 
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FILTER-PAPER ELECTROPHORESIS OF TEARS* 


LySOZYME AND ITS CORRELATION WITH KERATOCONJUNCTIVITIS SICCA 


W. K. McEwen, Pu.D., ann J. Kimura, M.D. 
San Francisco, California 


It has been difficult heretofore to study 
the protein components of tears because of 
the minute amount of material available. The 
simplicity and micro character of filter-paper 
electrophoresis' allows the investigation of 
the proteins in the fluid in the conjunctival 
sac and provides a new avenue of approach 
to the understanding of pathologic conditions 
of the conjunctiva. This paper reports the 
application of such a method and the results 
so far obtained in the study of normal and 
pathologic conditions of the eye. 


APPARATUS 
A 12 by 25 cm. sheet of Whatman No. | 


filter paper is placed on a plastic rack in such 
a fashion that it is supported longitudinally 
about every 2.0 cm. for a distance of 20 cm., 
leaving 2.5 cm. on each end to dip into a 
buffer solution. The buffer vessels contain 
about 150 ml. of a barbital—NaCl buffer 
(pH = 7.8, = 0.16) and Ag AgC] elec- 
trodes to which is applied a direct current of 
70 volts to give a gradient 3.5 v./em. and a 
current of about 6 ma. These component 
parts are totally enclosed in a plastic box to 
provide an atmosphere of constant humidity. 


Metruop 


The tear fluid from the conjunctival sac is 
absorbed on 0.25-inch ® Whatman No. 1 


* This work was supported by the generous con. 
tribution of Mr. Joseph George, San Jose, Cali- 
fornia. It is a joint contribution of the Radio- 
activity Center, the College of Pharmacy, the De- 
partment of Ophthalmology, and the Francis IL. 
Proctor Foundation for Research in Ophthalmology 
of the University of California, School of Medicine. 


filter-paper disc which is then placed in a 
small constant humidity chamber to keep it 
moist until used. The specimen will be good 
for several days although it is preferably 
analyzed the same day. The electrophoresis 
apparatus is assembled, equilibrated for a 
short period of time, and the specimen is 
placed on the filter paper about 7.0 cm. from 
the negative’ electrode. Four specimens may 
be run at the same time including a standard 
consisting of a solution of crystalline egg 
white lysozyme (0.25 percent) and of al- 
bumin’ (0.4 percent). The current is turned 
on and allowed to run about 16 hours. The 
filter paper sheet is removed, air dried, 
heated 10 minutes at 105°C. and stained in 
the usual manner’ with brom phenol blue 
and the blue color developed with ammonia. 


NORMAL PATTERNS 


Under the above conditions, the normal 
pattern consists of at least three components. 
One component travels to the negative pole 
with an electrophoretic mobility of 2 * 10° 
em./sec./volt/em. (uncorrected for endos- 
mosis). This component, as will be shown 
later, is the lysozyme component. Another 
component moves to the positive pole with 
a mobility of 3.5 * 10° em./sec./volt/cm. 
This is the fastest moving component and 
seems identical with albumin. The third 
component is probably an undifferentiated 
mixture of proteins which will be analyzed 
under different electrophoretic conditions in 


' Purified Cohn fraction V, courtesy of Cutter 
Laboratories, Berkeley, California. 
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order to obtain good separation and identifi- 
cation. The mobilities of both the lysozyme 
and the albumin are slower than those values 
found for liquid electrophoresis® * which in- 
dicates that the proteins are not traveling 
solely in the buffer film. 

In the normal individual, regardless of sex 
or age, whose tears have been analyzed, this 
pattern is reproducible. Tears from erying 
individuals whether emotionally or chemi- 
cally produced for short durations give the 
same pattern. Repeated analyses of tears 
from 20 cases of chronic catarrhal conjune- 
tivitis also show this normal pattern. 


ABNORMAL PATTERNS 


It is interesting that the only deviation we 
have found from the normal pattern is either 
a lack of the lysozyme component or a 
greatly reduced concentration of it. This de- 
viation has been found in the following con- 
ditions, Six cases of clinically definite kerato- 
conjunctivitis sicca were studied and were 
found to be lacking in the lysozyme compo 
nent. Two cases were found which had 
symptoms and complaints compatible with 
either keratoconjunctivitis sicca or chronic 
catarrhal conjunctivitis. Since they had a 
greatly lowered lysozyme concentration and 
showed negative cultures it is felt that these 
cases represent an early keratitis sicca. There 
was one case of a unilateral dry eye second- 
ary to trachoma which lacked the lysozyme 
component, This was presumed to be because 
of fibrosis of the lacrimal gland as a result of 
an adenitis and the scarring of the con- 
junctiva. 


DIsCUSSION 


In view of the above correlation of lack of 
the lysozyme component with keratocon- 
junctivitis sicca and the possible detection of 
early cases it became necessary to show that 
the negatively moving component is lysozyme 
beyond the evidence that it is electrophoreti- 
cally imdistinguishable from crystalline egg 
white lysozyme. This is important also im 
view of the report of Smollens,’ et al., who 
indicate that the lysozyme of tears ts differ- 
ent from the lysozyme of egg white. 

An electrophoretic run was carried out on 
two normal tears, two sicca tears, and one 
0.25-percent egg white lysozyme solution. 
The egg white lysozyme strip and one each 
of the normal and sicca strips were cut into 
0.75-inch sections on either side of the origin 
These sections were placed in buffered solu 
tions (pH 6.8) contaming the polysaccharide 
coat of Micrococcus lysodeikticus* follow- 
ing a modification of the method of Salton.’ 
The reduction in optical density at 640 mp 
indicates the clearing of mixture by hydroly- 
sis of the polysaccharide. By definition® this 
shows the presence of lysozyme. Table | 
gives the results of such an experiment and 
shows that only egg white lysozyme and 
normal tears have lytic activity and this ac- 
tivity is confined to the negatively moving 
component. The unused strips of normal and 
keratitis sicca tears were stained and the 
latter strip showed no lysozyme component 
while the position of the lysozyme com 


* Obtained through the courtesy of the Depart- 
ment of Medicine. 


TABLE 1 


EPFECT OF SERIAL SECTIONS OF DIFFERENT ELECTROPHORETIC DIAGRAMS ON 
MICROCOCCUS LYSODEIKTICUS AS A TEST FOR LYSOZYME 


(Optical density at 640 my) 


Section* 
Material — 
I 2 3 4 5 6 7 
Lysozyme control 0.93 0.56 0.94 0.92 1.00 (). 98 1.02 
Normal 0.94 0.55 0.77 ). 98 1.00 0.99 1.00 
Keratitis sicca 0.98 0.96 0.98 0.99 0.98 0.99 0.98 


* Sections numbered from negative pole to positive pole with the origin between Sections 3 and 4. 
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ponent of normal tears was shown to corre- 
spond with the position of the activity of 
the enzyme toward M. lysodeikticus. 

It would thus appear that the lysozyme of 
human tears is electrophoretically and en- 
zymatically similar to egg white lysozyme 
and is quite distinct from the other proteins 
of tears. 

SUMMARY 


A filter paper electrophoretic method for 
the protein analysis of an individual’s tear 
fluid has been described. One protein com- 
ponent moves to the negative pole at pH 7.8 
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and has been identified as the lysozyme frac- 
tion by its electrophoretic mobility and by its 
activity toward M. lysodeikticus. There is a 
direct correlation between the lack of this 
component and the presence of keratocon- 
junctivitis sicca. There is an indication that 
it is possible to detect early cases. In the cases 
studied there has been no other pathologic 
condition that has shown this defect except 
for a dry eye secondary to scarring in tra- 
choma, 
University of California 
Medical Center (22). 
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DiscUSSION 


De Haney Geren: In 1949, Smollens, Leopold, 
and Barker conducted electrophoretic studies of 
the component fractions of tears derived from 
human patients, At that time with an apparatus not 
adapted for micro-work, they found essentially 
four components, three of which migrated to the 
cathode, the negative electrode, and one migrated 
to the positive electrode. They assumed that the 
lysozyme was contained m the three components 
that migrated to the anode. 

Dr. Leopold, who regrets he was unable to 
attend this meeting to discuss this interesting paper, 
has informed me that most recently he and Dr. 


Smollens have conducted similar experiments with 
a micro-electrophoretic apparatus, and they have 
again found four components. However, the one 
component that contained lysozyme fraction now 
migrated to the cathode, the negative electrode, 
and the three inactive components migrated to the 
anode. This is essentially in agreement with the 
results presented today. 

Caselli and Schumacher (Klin. Monatsbl. f. 
Augenh., 124 :148-154, 1954) have reported the same 
results.four components, three of which migrated 
to the anode, and the component containing lyso- 
zyme migrated to the cathode. 


OCULAR LESIONS IN HAMSTERS* 
Wirth curontic TOXOPLASMA BESNOITIA 


J. K. Frenxer, M.D. 


Kansas City, Kansas 


Uveitis has been produced experimentally, 
usually in rabbits, by injecting tubercle bacilli 
or other micro-organisms directly into the 
anterior chamber.’ * Hogan’ described the 
production of acute chorioretinitis by the 
intracarotid injection of rabbits with Toxo- 
plasma. 

The purpose of this report is to deseribe 
the observation of eye lesions incidental to 
a study of two generalized infections, in 
duced by subcutaneous or intraperitoneal in 
oculation in golden hamsters ( Mesocricetus 
auratus ). It is felt that such infections repre- 
sent better models for comparison with 
sporadic chorioretinitis in man. 

Localization in the eye, development, and 
extension of lesions can be studied in proper 
perspective to the infection elsewhere in the 
host. produced by proliferating 
Toxoplasma gondii and Besnoitia jellisoni 
organisms, or by the rupture of their eysts, 
can be compared. 


Lesions 


Immunologic factors can be investigated 
that may allow eventually a better under 
standing of the pathogenesis of infections 
giving rise to lesions in various tissues of the 
body as well as in the eye. 

To introduce the ocular pathology, a re- 
view of the pathogenesis of each infection in 
the hamster will be given. 


PATHOGENESIS OF TOXOPLASMOSIS 
IN THE HAMSTER 
This subject has previously been con- 
sidered in greater detail.** The following 
data are relevant to this study. Proliferative 
forms (fig. 1 and 4) and cysts (fig. 5 and 8) 


* From the Department of Pathology and Oncol- 
ogy, University of Kansas School of Medicine. This 
investigation was supported in part by a research 
grant E-547 from the National Microbiological In- 
stitute of the National Institutes of Health, Public 
Health Service. 


of Toxoplasma are recognized. Distimetive 
features are the argyrophilic and pertodie 
acid-Schiff (PAS) positive cyst wall that ts 
resilient in the fresh state. Individual Toxo- 
plasma within cysts are generally more 
densely packed, more slender, and possess a 
large paranuclear glycogen granule, whereas 
proliferative organisms contain several smal- 
ler glycogen granules that are scattered, 
When hamsters are inoculated with either 
form subcutaneously on the back, or intra- 
peritoneally, a generalized infection develops, 
with lesions predominantly at the injection 
site, in the lungs, liver, and spleen, Untreated 
hamsters generally succumb to the acute in- 
fection within five to 15 days, depending on 
size of inoculum, the virulence of the straim, 
Examination of tissue 
sections shows the presence of large numbers 


and other factors. 


of proliferative forms of Toxoplasma, mtra- 
cellularly as well as extracellularly, produe- 
ing lesions by necrosis of parasitized cells and 
accompanying inflammation. 

When hamsters are treated with sulfadia 
zine, the acute infection may remain more or 
less asymptomatic. Within two to four weeks 
hamsters have generally acquired sufheient 
immunity so that upon discontinuation of 
therapy, they survive with little or no symp 
toms after an infection with most strains of 
Toxoplasma. When examined by subimocu 
lation, organisms can generally be isolated 
from the brain and from some other organs.’ 
(On tissue sections, cysts of Toxoplasma are 
found in small numbers only, usually free in 
the brain without accompanying tissue reac- 
tion. Organisms or lesions are rarely en 
countered in the eyes. 

Chronic toxoplasmosis induced by a ma- 
jority of laboratory strains is a latent infec 
tion in most laboratory animals. However, 


infection with the RH strain* im golden ham 
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sters results in a chronic infection that is 
frequently accompanied by symptoms of en- 
cephalitis, ocular involvement, and adrenal 
necrosis. These have been described else- 
where.” It is sufficient to state here that these 
symptoms appear weeks and months after 
infection at a time when high antibody titers 
are present. 

In the brain numerous Toxoplasma cysts 
are found as well as foci of necrosis and 
glial nodules. The intact cysts are not chemo- 
tactic, and the lesions result from cyst rup- 
ture ; there is no histologic evidence of toxo- 
plasmic proliferation. The adrenal lesions, 
however, are produced by proliferative or- 
ganisms. Hence, there is evidence that cysts 
as well as proliferative organisms persist 
during chronicity. Discussion of the eye 
lesions will be found later. 


PATHOGENESIS OF INFECTION WITH 
BESNOITIA IN THE HAMSTER 


Besnoitia jellisoni has recently been de- 
scribed as a protozoan resembling Toxo- 
plasma.’ Proliferative forms (figs. 11 and 
14) and cyst forms (figs. 19 and 22) are 
recognized. Inoculation of hamsters with 
either form leads to an acute infection in 
which only proliferative forms are found. 
After subcutaneous inoculation, a generalized 
infection develops with lesions predomi- 
nantly at the injection site, in the lungs, liver, 
spleen, and adrenal gland, much like that seen 
in toxoplasmosis, Untreated hamsters die 
with their acute infection between the eighth 
and 12th day. Tissue sections show lesions 
related to the parasitism of individual cells. 
Intracellular and extracellular proliferative 
forms of Besnoitia together with necrosis of 
host cells and inflammation are present. 

Treatment of infected hamsters with sulfa- 
diazine (60 to 90 mg. percent of the sodium 
salt in the drinking water) retards the pro- 
liferation of organisms sufficiently to prevent 
death. It also permits the development within 
10 to 14 days of a state of relative immunity. 

In the third and fourth weeks of infection, 


cysts make their appearance at the injection 
site and elsewhere. Dependent on their state 
of development they range from 20 to 500 
micra in diameter and consist of a resilient 
cyst wall, five to 50 micra in thickness, en- 
closing a syncytium of large vesicular nuclei 
and a cytoplasmic vacuole in which the cres- 
centic Toxoplasma-like organisms develop 
(fig. 19). 

In the larger cysts, a single vacuole filled 
with micro-organisms occupies nearly the 
entire cyst, with the large vesicular nuclei 
inconspicuously applied to the cyst wall 
(fig. 22). These cysts are not accompanied 
by a significant inflammatory reaction as 
long as they are intact (fig. 18). 

Chronic Besnoitia infection is ordinarily 
accompanied by the presence of cysts. The 
lesions following the breakdown of cysts are 
characterized by necrosis, infiltration of 
granulocytes, and later mononuclear cells 
and fibrosis (fig. 24). The organisms liber- 
ated by cyst rupture are found to be poorly 
staining and subject to phagocytosis. The 
lesions are circumscribed, resembling a 
granuloma, and there is no evidence that 
Besnoitia liberated from cysts enter new 
cells and proliferate. 

Proliferative forms of Besnoitia, however, 
do survive into the chronic stage of infec- 
tion. This can be easily demonstrated by the 
use of certain strains that have lost their 
cyst-forming capacity, and where only pro- 
liferative forms occur. Such strains have 
been employed during this study to follow 
the more evenly progressing infection with 
proliferative forms. This avoids the compli- 
cation resulting from cyst rupture with the 
release of large amounts of apparently non- 
infective antigenic material. Conversely, 
lesions produced by cyst rupture uncompli- 
cated by marked proliferative activity can be 
studied when the animals are maintained on 
sulfonamide therapy which inhibits pro- 
liferative organisms to a greater extent than 
the development of cysts and contained or- 
ganisms. | 


TOXOPLASMA AND BESNOITIA 


I. XPERIMENTAL PROCEDURES 


Hamsters were infected by the subcutane- 
ous or intraperitoneal route with either 
Besnoitia or Toxoplasma. They were then 
treated with sulfadiazine-sodium, in doses 
of 60 to 120 mg. percent in the drinking 
water. Treatment was usually begun on the 
day of inoculation and was continued for 10 
to 30 days, and occasionally intermittently. 
To control the infection with the RH strain 
of Toxoplasma, it was often necessary to 
incorporate additional sulfadiazine imto the 
food. 

Certain of the hamsters were first infected 
with one of several other strains of Toxo- 
plasma (without producing eye lesions). 
They were then secondarily infected with 
the RH strain, following which ocular 
lesions did appear. 


YE EXAMINATION 

Hamsters were periodically examined for 
the development of eye lesions. After they 
had been placed in the dark for one to two 
hours, or at night, their pupils were widely 
dilated so that no mydriatic was necessary. 

The animal to be examined is picked up 
by the loose skin over the back of the neck 
and, occasionally, if skin tension closes the 
eye, or, if the hamster resists handling, it ts 
held by placing thumb and first finger of the 
left hand under its chin from posteriorly. 

The optic reflex is first observed by shin- 
ing a light from close and somewhat laterally 
into the hamster's eye, watching from some 
distance. In the normal eye a bright reflex 
is obtained from a dark fundus, with the 
media appearing clear. Following this, with 
the plus-cight lens of the ophthalmoscope 
applied closely to the observer's eye, the 
hamster's eye is approached to about five em. 
and the fundus is visualized. 

On a yellowish or pinkish background, red 
vessels are seen converging toward the optic 
disc, which usually projects into the vitreous 
and generally shows black pigmentation. 
Minor dioptric adjustments are made, and 
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the fundus is scanned quickly. This is often 
facilitated by use of a green filter which re- 
duces the glare from the light fundus. 

Although hamsters occasionally attempt to 
bite when handled while in the light, they did 
not attempt to do so when handled in the 
dark. Only animals with encephalitis need to 
be handled with care. 

Although most hamsters struggle slightly, 
examination of the eye is an easy procedure, 
especially if the animals are examined once 
or twice weekly. The plus-20 lens is more 
useful for examination of the anterior 
chamber, iris, and lens, since the plus-40 lens 
requires approaching the animal too closely, 
stimulating its vibrissae and making it rest- 
less. 

With Besnoitia infection, eye lesions ap- 
peared in over 50 percent of animals during 
the first two months. Hence, more of the eyes 
came to study during the early stages of their 
involvement. 

With Toxoplasma infection, eye lesions 
appeared sporadically and often months after 
infection. Since at that time animals were 
under less close observation, the earliest 
lesions were frequently missed. Many of the 
involved eyes were observed incidental to 
experiments in which it was not feasible to 
kill the animal. In such instances, enuclea- 
tions were performed. In all other cases the 
entire animal was studied histologically. 

The eyes were usually fixed in Zenker- 
formol solution for eight to 10 hours and 
embedded in methy! benzoate containing one- 
percent celloidin followed by paraffin. Sec- 
tions were stained with hematoxylin and 
eosin or with the periodic acid-Schiff tech 
nique followed by hematoxylin (PASH). 
Selected eyes were serially sectioned, or 
semiserially, by mounting six sections, five 
micra in thickness, every 100 micra. The eyes 
of 35 hamsters showing clinically observed 
lesions during Besnoitia infection form the 
basis for this histologic study. 

A similar number of eyes from animals 
with chronic toxoplasmosis were available, 
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but nine eyes with representative lesions were 
selected for detailed histologic study based 
on the availability of semiserial sections. 
Hamster eyes measure approximately four 
to five mm. in diameter after fixation and 
sectioning, with the lens accounting for over 
half of this diameter. 


OCULAR LESIONS ASSOCIATED WITH CHRONIC 
TOXOPLASMOSIS 

INCIDENCE 

Due to the sporadic and late appearance 
of lesions no exact data are available. Unex- 
plained factors account for some variability, 
since eye lesions were observed in an esti- 
mated 60 percent of hamsters several years 
ago, associated with an incidence of about 
80 percent of encephalitis, whereas during 
the last two years the incidence of each has 
been in the neighborhood of only 40 percent. 
Clinical data on individual hamsters have 
been reported,” 
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W IDESPREAD RETINAL NECROSIS 


This lesion was seen in two eyes from two 
hamsters. One ( No. 361) had been infected 
with the RH strain for three months and it 
had been treated with sulfonamides for the 
first three weeks after infection. The other 
hamster (No. 315) had been infected with 
the CJ strain of Toxoplasma*® for one year, 
and had been treated during the first month 
of the infection; it was reinjected with CJ 
after two and five months, and was finally 
challenged with the RH strain 10 months 
after initial infection. During the next two 
months, it lost weight, developed signs of 
encephalitis, and became paraplegic. 

Destruction of the retina was most severe 
at the posterior pole. In one of the eyes the 
more anterior parts of the retina were little 
involved, but it was detached by exudate 
from the choroid. Neutrophil granulocytes 
were most common in and year the necrotic 


> 


Fig. 1 (Frenkel). Proliferative forms of Toxoplasma in retinal pigment epithelium. Most of the central 
retina is necrotic; lymphocytes and mononuclear cells are present in the adjacent choroid. (Hamster 315. 
«1200. Periodic acid-Schiff followed by hematoxylin. ) 
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portions. Most of the pigment epithelium was 
destroyed with much dispersal of pigment 
granules. 

Proliferative organisms of Toxoplasma 
were identified in the retina only (fig. 1). 
The choroid showed a predominance of 
lymphocytes in one and plasma cells in the 
other eye, without necrosis. The ciliary body 
pigment was slightly dispersed and the 
stroma was infiltrated with lymphocytes, but 
the epithelium was intact. The iris contained 
a few plasma cells; some pigment-laden 
cells were present in the anterior chamber. 
The optic nerve, sectioned only in one eye, 
was necrotic; the scleras showed little 
The contralateral of both 
hamsters were subinoculated into mice and 
Toxoplasma was isolated from both. 


change. 


eyes 


FOCAL CHORIORETINITIS ASSOCIATED WITH 
PROLIFERATIVE [TOXOPLASMA 


This was seen only once in an otherwise 
normal appearing hamster (154-59) infected 
with the RH strain via the subcutaneous 
route. It had been treated with sulfadiazine 
for 17 days, was challenged with RH, and 
two days later treated for another eight days. 
Between nine and 10.5 months after infee- 
tion a small number of pigmented cells ap- 
peared im the anterior chamber of one eye 
and it was difficult to visualize the fundus. 
The eye was enucleated and sectioned sem 
serially. 

Only a single focal choriorentinal lesion 
was found (fig. 2) measuring 1.4 mm. by 0.6 
mm. in diameters. It was situated about mid 
way between the nervehead and the ciliary 
body. In the center of the lesion the retina 
was partially necrotic and moderate numbers 
of neutrophil granulocytes were present (fig. 
3). 

The inner and outer nuclear layers were 
most markedly destroyed and there was dis- 
persal of pigment. The covering ganglionic 
layer and the entire retina peripherally 
showed edema, infiltration with cells re- 
sembling granulocytes, swollen microglia 
and lymphocytes. The retinal capillaries were 


Fig. 2 (Frenkel). Foeal chorioretinitis 10.5 
months after infection with Toxoplasma. (Hamster 
1-54-59. «15. Periodic acid-Schiff followed by 
hematoxylin.) Figures 3 and 4 are from the same 
eye 


dilated and surrounded by inflammatory 
cells. 

Small groups of proliferative forms of 
Toxoplasma were common in vacuoles pre- 
sumably but not clearly intracellular im 
position (fig. 4). Up to six groups were ob- 
served in one section, the largest containing 
in the neighborhood of 40 organisms, as 
counted in serial sections. 

Bruch’s membrane appeared intact; how- 
ever, in the center of the lesion fibroblastlike 
(retinal epithehal’) cells were proliferating. 
The choroid joining the retinal lesion showed 
fibroblastic proliferation and dispersion of 
pigment, and, more peripherally, infiltration 
with lymphocytes and plasma cells. In the 
overlying scleras were a few inflammatory 
cells with pigment. 

The vitreous contained microglialike cells, 
singly and in groups; similar cells were sur- 
rounding and wandering away from the 
vascular cone of the nervehead along the 
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Fig. 3 (Frenkel). Focal chorioretinitis; the arrow points to a group of Toxoplasma. (Hamster J-54-59. 
230. Periodic acid-Schiff followed by hematoxylin.) Figures 2 and 4 are from the same eye. 


hyaloid membrane. Retinal vessels, even at 
a distance, were surrounded by mononuclear 
cells. 

Ciliary body, iris, anterior and posterior 
chambers contained inflammatory cells. 
Posterior synechias and pigment-ladened 
cells covered part of the lens. Cornea and 
lens appeared normal. 


(HORIORETINITIS ASSOCIATED WITH 
TOXOPLASMA CYSTS 


This was best represented in two hamsters 
infected with the RH strain for six and 
seven months. Both had been treated for 
three weeks following infection. 

In Hamster 364 only the left eye was in- 
volved; the right fundus could be visualized 


Fig. 4 (Frenkel). Two groups of proliferative 
Toxoplasma in retina of hamster J-54-59. The small 
irregular granules at left are pigment. (960. 
Periodic acid-Schiff followed by hematoxylin.) 
Figures 2 and 3 are from the same eye. 
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Fig. 5 (Frenkel). Toxoplasma cyst in retina 
showing chronic inflammation and degeneration of 
the outer nuclear and the rod and cone layers 
“Subretinal” edema is present, but the pigment epi- 
thelium remains attached to Bruch'’s membrane 
and choroid. There is hemorrhage im the vitreous. 
(Hamster 386, six months after infection, right 
eye. Dye test titer 1:65,000. «230. Periodic acid- 
Schiff followed by hematoxylin.) 


and when sectioned no lesions or cysts were 
found. A moderate degree of encephalitis 
was present. Toxoplasma antibody titer as 
measured by the dye test was 1 :65,000. 

Hamster 386 had recently developed hazi- 
ness of the right fundus and cysts were 
found on sections. The left eye (which will 
be discussed in the next section) had de- 
veloped a hemorrhage in the anterior cham- 
ber three months after infection, which was 
followed by keratitis, ulceration, and extru- 
sion of the lens six months after infection. 
This was treated by the topical application of 
Sulfamylon (brand of 4-aminoethyl-benzene 
sufonamide HC1), and a week later the ani- 
mal was killed. The dye test titer was 
1 :65,000. 

Least advanced changes were seen in the 
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right eye of Hamster 386. The retina showed 
uniform loss of the outer nuclear layer, with 
a diffuse gliosis slightly disrupting the inner 
nuclear and ganglion layers (fig. 5). 
lL._ymphocyte and microghalke cells were 
scattered about. 

Toxoplasma cysts were present some of 
which appeared intracellular in location. 
They contained 100 to 200 individual organ- 
isms which stained brillantly red with the 
acid-Schiff-technique. Individual 
cysts extended through several serial sec- 
tions, and less than one cyst per section was 
seen. 

Hemorrhage was present in part of the 
vitreous. Much of the latter was obliterated 
by gliosis joming the retina to the lens, 
IXxudate detached part of the retina from the 
pigment cpithelium (fig. 5). There was only 


periodic 


Fig. 6 (Frenkel). Toxoplasmme chorioretimtis 
associated with cysts. Note formation of inflamma 
tory vesicles and of posterior synechias. (Hamster 
364, seven months after infection. Dye test titer 
165,000. «15. Periodic acid-Schiff followed by 
hematoxylin.) Figures 7 and 8 are from the same 
eye. 
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Fig. 7 (Frenkel). Close-up of lesion shown in Figure 6 (sides reversed). (A) Lens which is adherent 
to retina. (B) Retina showing necrosis, cellular infiltration, fibrin deposits, and cellular proliferation. (C) 
Inflammatory vesicle containing a few large mononuclear cells. (D) Pigment epithelium. (FE) Choroid 
with chronic inflammation. (F) Sclera. (4,) Optic nerve sheath. Only cysts and no proliferative forms of 
Toxoplasma were identified in this eye. (Hamster 364. «310. Periodic acid-Schiff followed by hematoxy- 


lin.) Figures 6 and 8 are from the same eye. 


a moderate degree of choroidal infiltration 
with lymphocytes and plasma cells. Ciliary 
body and iris were much enlarged by pro- 
liferation of pigmented cells; the epithelia 
were only slightly disorganized. Pigment- 
bearing mononuclear cells were present 
singly and in groups in the anterior chamber 
as well as on the lens. The pupil was covered 
by fibroblastic proliferation. 

Marked gliosis with inflammatory cells 
and vascular proliferation, giving the appear- 
ance of granulation tissue, together with 
necrosis of the latter, as well as of most of 
the retina, were the distinctive features of 
the left eye of Hamster 364 (figs. 6 and 7). 


Toxoplasma cysts were numerous here 
(fig. 8). Large fluid-filled vesicles were 
present between the retinal remnants and the 
pigment epithelium. Mononuclear cells 
formed small hillocks of cells. These inflam- 
matory vesicles pushed the retinal remnants 
toward the lens, and the slitlike vitreous 
remnant was occupied by fibrinous exudate 
and debris. 

Again much proliferation of ciliary body 
and iris stroma was noted. Some fibroblastic 
proliferation extended from the ciliary body 
anteriorly and posteriorly over the lens, 
Posterior synechias were present together 
with pigment-ladened inflammatory cells in 
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the anterior and posterior chambers. Lens 
and cornea were seemingly unchanged. 


PHTHISIS BULBI 

The history of one eye in which lens ex- 
trusion occurred was given in the last sec 
tion. Another eye with less advanced changes 
came from Hamster 369, seven months after 
infection. This latter eye showed shrinkage 
degeneration of lens capsule and body, espe 
cially posteriorly, where fibrous scar tissue 
was attached to the lens and showed much 
pigment and calcification (fig. 9). 


Fig. 8 (Frenkel). Toxoplasma cyst in retina 
(arrow). Lens (A) and ganglion layer of retina 
(B) are joined by glial fibers (C). (D) Inflam- 
matory vesicle. (230. Periodic acid-Schiff fol- 
lowed by hematoxylin.) Figures 6 and 7 are from 
the same eye. 


Fig. 9 (Frenkel). Early phthisis bulbi, seven 
months after infection with Toxoplasma. (Hamster 
369. 15. Periodic acid-Schiff followed by hema- 
toxylin.) i 


The choroid was about five times thicker 
than normal due to proliferation of pig- 
mented fibrous tissue and infiltrating plasma 
cells; the sclera was thickened to twice its 
normal dimension. The ciliary body showed 
partial regeneration. The iris was infiltrated 
by a few plasma cells and it was adherent in 
part to the lens where an anterior capsular 
cataract appeared to be forming. The cornea 
was normal. 

The other eye of this hamster showed only 
a few cells in the anterior chamber and slight 
disorganization of the pigment im the ciliary 
body stroma. 

Following lens extrusion, the left eye of 
hamster 386 presented a thick coat of sclera, 
choroid, and iris with much pigment, enclos 
ing a cavity occupied by two large cushions 
of regenerating ciliary body epithelium and 
a small amount of fibrous scar tissue with 
calcific foci, pigment, and cholesterol clefts 
Proliferating corneal epithelium had filled 
in the corneal ulcer and the pupil, pushing 
Descemet’s membrane to the side. 
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Fig. 10 (Frenkel). Iridocyclitis with necrosis of 
adjacent retina, 29 days after infection with a 
noncyst-producing line of Besnoitia jellisoni (pro- 
liferative forms are present only). Note chorio- 
retinal adhesions. (Hamster |-53-63 sulfadiazine 
treatment for 21 days. «44. Periodic acid-Schiff 
followed by hematoxylin.) 


(OCULAR LESIONS ASSOCIATED WITH 
BeESNOITIA INFECTION 


CLINICAL FINDINGS 


Uveitis was of common occurrence carly 
in the course of Besnoitia infection with 
noncyst-producing strains. As early as two 
weeks after infection and even while on 
sulfonamide therapy pigmented cells ap- 
peared in the anterior chamber and the clear 
black fundus reflex became first hazy and 
then white. This sequence took place 
rapidly, within less than a week. 

With cyst-producing strains the first ap- 
pearance of cells in the anterior chamber may 
occur later during infection and proceed 
more slowly; retinal vessels may remain 
visible for over a week especially when the 
retina has been detached. Eventually, the lens 
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became opaque gray, and later a white or 
yellowish cataract was formed. Although 
both eyes frequently become involved at the 
same time, the lesions may appear inde- 
pendently of each other and each may pro- 
gress ata different rate. 


INCIDENCE 


Hamsters infected with noncyst-produc- 
ing strains of Besnoitia showed greater than 
50-percent eye involvement within a month. 
After two to three months hardly an eye 
remained univolved. With cyst-producing 
strains the rate of appearance appeared to be 
only slightly slower. In one experiment 18 
out of 26 eyes of 13 hamsters showed signs 
of inflammation after two months. 


Fig. 11 (Frenkel). Cyclitis with proliferative 
forms of Besnoitia in the epithelial layer. Hamster 
]-54-5, 36 days after infection, 15 days after cessa- 
tion of sulfadiazine therapy. (x 1200. Hematoxylin- 
eosin. ) 
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Fig. 12 (Frenkel). Cyclitis (A) with proliferative forms of Besnoitia spreading along the vessels in 
the ganglionic layer of the retina (B) and in the exudate (C) between external limiting membrane and 
retinal pigment epithelium. Hamster J|-54-54, 20 days after infection, on sulfadiazine for entire period. 


(130. Hematoxylin-eosin. ) 


LESIONS PRODUCED BY PROLIFERATIVE FORMS 

By using strains of Besnoitia which had 
lost the power of producing cysts, the de- 
velopment of such lesions could be studied. 
There were nine eyes with an essentially nor- 
mal retina accompanied by iridocyclitis (fig. 
10). 

In some of these eyes Besnoitia were 
numerous in the epithelium of the ciliary 
body (fig. 11). The stroma showed lympho- 
cytic infiltration and disorganization of pig- 
ment. The iris contained a few lymphocytes. 
There were cells in the anterior and posterior 
chambers occasionally containing organisms. 
In four eyes, 17 to 37 days after infection, 
the ciliary body was partially necrotic and 
heavily inflamed with minimal retinal 
changes except in the adjacent pars plana. 

rom the ciliary body, Besnoitia, accom- 
panied by inflammatory exudate, spread 
posteriorly along two routes. First they ex- 


tended along the vessels in the ganglionic 
layer and on the retinal surface (fig. 12) and, 
secondly, between the external limiting and 
Bruch’s membrane (figs. 12 and 13). 

The second type of spread was associated 
with a sometimes massive cellular exudate 
composed of what appeared to be neutrophil 
granulocytes and macrophages, some of 
which contained organisms. This exudate 
dissected along Bruch’s membrane, generally 
leaving it intact, but detaching eventually the 
entire retina (fig. 13). 

Starting with the outer nuclear layer, the 
retinal lamination became more and more 
disrupted and organisms with inflammatory 
cells and epithelial pigment granules could 
be found progressively in all layers (fig. 14). 
Finally the retina became completely ne- 
crotic. 

The choroid at the same time became 
progressively more infiltrated with lympho- 
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Fig. 13 (Frenkel). Further dissection of the retina by exudate; the retina is fairly well preserved in 
the eye on the right, but almost destroyed on the left by proliferating Besnoitia (see Figure 14). Irido- 
cyclitis is far advanced. Hamster J-54-7, 37 days after infection, 16 days after cessation of sulfadiazine 


treatment. (15. Hematoxylin-eosin. ) 


cytes and later with plasma cells, and pos- 
sibly more pigment developed. Bruch’s mem- 
brane frequently was found destroyed 
focally later during the necrotizing inflam- 
matory process ; however, neither organisms 
nor necrosis was ever seen in the choroid 


proper. 


forms oi 


Proliferative 
Besnoitia from central retinal remnant of eye on 
left of Figure 13. Arrows point to several of the 
free organisms and to nucleus of a cell containing 
four groups. (1200. Hematoxylin-cosin.) 


Fig. 14 (Frenkel). 


The sclera remained essentially un- 
involved. The exudate in the anterior cham- 
ber increased, and so did the degree of iritis. 
Fibrin deposits were frequently found on 
the lens, together with cells and fibroblasts 
developing into posterior synechias. The lens 
began to degenerate posterior to its attach- 
ment to the ciliary body with the formation 
of “balloon cells’ and later wrinkling and 
breaking of the capsule. 

The entire eye was shrinking in size; 
the vitreous space frequently became ob- 
literated with organization of the necrotic 
retina, joining the choroid to the posterior 
lens capsule. The ciliary body epithelium 
generally showed regeneration again cover- 
ing the pigmented stroma (fig. 15) ; however, 
since fibroblasts were also attaching to the 
regenerated epithelial surface, its true epithe- 
hal nature was in doubt. 


LESIONS PRODUCED AFTER INFECTION WITH 
CYST-FORMING STRAINS 


Sections of 18 eyes from 10 hamsters were 
available five to 11 weeks after subcutaneous 
infection. Five of the animals had been 
autopsied and cysts were identified in the 
viscera and sometimes in the eye. Out of 
eight enucleated eyes, two were semiserially 
sectioned. Two cysts were found in one eye 
and in both serially sectioned eyes small 
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Fig. 15 (Frenkel). 
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Regeneration of cells forming 
ciliary body stroma (B). Fibroblasts (C) attach to this 


+7 


an epithelial-like covering (A) of the inflamed 


“epithelium” and joim it to the lens (D) and a 


retinal remnant (EF). Proliferating Besnoitia are present in the retina adjacent to the lens (arrow). Necrotic 


debris and hemorrhage are shown in the vitreous space (I) 
sulfadiazine treatment during first 21 days. (230. Hematoxylin-eosin. ) 


numbers of proliferative organisms’ were 
identified. While the lesions appeared some 
of the animals were on high doses of sul- 
fadiazine which causes some 
organismal multiplication. 

The lesions in these eyes differed from 
those produced by proliferative Besnoitia: 

First, the necrotizing lesions were focal 
in nature, and, second, cyclitis was rare. The 
latter lesion was observed in only two eyes 
and, in both, the ciliary-body and iris ne- 
crosis was part of a necrotizing endophthal 
mitis. 

The focal lesions, however, characteristic 
of early eye involvement, were always near 
the posterior pole of the eye. The center 
of the lesion was formed by an area of 
retinal necrosis accompanied by subretinal 
edema and cellular exudate consisting of 
neutrophil granulocytes, lymphocytes, and 
macrophages (figs. 16 and 17). In only two 


inhibition of 


Hamster |-54-13, 96 days after infection; 


of these foci were proliferative organisms 
found. 

An inflammatory vesicle was often formed 
in the retina involving the pigment epithe- 
lium and Bruch’s membrane, focally de- 
stroying both. we ‘snoitia cysts appeared to be 
located in the pigment epithelium layer (figs. 
18 and 19). All cysts seen were intact. In 
instances the was 
necrotic. Away from the center of the vesicle 
part of the retina was preserved. 
of the exudate dissected between 
Bruch's and the external limiting membrane 
for a short distance, 
adhesions. 


some choriocapillaris 


Some 


forming chorioretinal 
The choroid was infiltrated by 
neutrophil granulocytes, lymphocytes, 
plasma cells, the 


and 
neighborhood of the 
retinal lesion. The sclera showed slight in- 
flammation. 

The parts of the retina uninvolved by 
necrosis, easily separated from the choroid 
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Fig. 16 (Frenkel). Large focus of necrotizing retinitis on one side of the optic nervehead. Onset of the 
lesion was between six and seven weeks after infection with a cyst-producing line ; however no cysts were 
found in the eye and small numbers of proliferating Besnoitia accompanied this lesion. Hamster J-54-64 
was treated for two weeks after infection, untreated for 25 days, and again treated with sulfadiazine for 
12 days prior to enucleation. (44. Periodic acid-Schiff followed by hematoxylin.) 


during the process of fixation and dehydra- 
tion. Here cellular infiltration was moder- 
ately severe to marked, especially perivascu- 


Fig. 17 (Frenkel). Chorioretinitis with inflam- 
matory vesicle forming mainly on one side of the 
optic nervehead. The anterior segment is barely 
imvolved. Hamster |-54-63, six weeks after infec- 
tion with a cyst-producing line of Besnoitia and 
treated with sulfadiazine for the first two weeks. 
(x44. Hematoxylin-cosin.) Figures 18 and 19, 
showing cysts, are from the same eye. 


larly. Some of these cells resembled microglia 
more than hematogenous cells. The anterior 
segment was involved only by contiguity and 
a few cells were usually present in the an- 
terior chamber. 

Repair of the necrotic retina was by fibro- 
sis when arising from the choroid, and by 
gliosis if retinal tissue was remaining (fig. 
20). The epithelial-like lining of the ciliary 
body regenerated, likewise. Detached retina 
that had become adherent to the lens showed 
degeneration of the outer nuclear layer. The 
lens showed degenerative changes and inva- 
sion by macrophages. 

Besnoitia cysts persisted in the fibrotic 
retinal sear tissue (figs. 21 and 22). In one 
instance proliferative organisms were found 
to parasitize the lens epithelium (fig. 23) ; 
they were also present in several macro- 
phages within the lens, but not elsewhere. 


DISCUSSION 


A pattern of pathogenesis suggests itself 
despite differences in design of some of the 
experiments from which infected eyes were 


studied. 
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Fig. 18 (Frenkel). Close-up of chorioretinitis as shown in Figure 17 with retinal inflammatory vesicle 
(A) and young Besnoitia cyst (arrow.) The cyst appears to lie in the pigment epithelial layer, since some 
of the fibrils originating from Bruch’s membrane (6) pass beneath it. The choroid (C) is inflamed. In 
the necrotic part of the retina (DD) a few proliferative Besnoitia are present. (F) Lens. (Hamster ]-54- 


63. «130. Hematoxylin-eosin.) Figure 19 is also from this eye. 


It is well to recall at the outset that 
in the hamsters studied both infections gave 
rise to ocular lesions at a time when lesions 
in the extraneural viscera were regressing. 
This was especially true of toxoplasmosis 
where eye lesions made their appearance, 
sometimes together with signs of encephalt- 
tis, months after initial infection. The latter 
had been treated with sulfadiazine until 
immunity was adequate to prevent death 
from extensive visceral lesions. 

During Besnoitia infection eye lesions ap- 
peared earlier, when visceral 
lesions were at their peak. But it was clear 
that invasion of the eye was not a regular 
feature of acute infection, that it lagged 
behind the parasitization of other organs, 


sometimes 


and, most important, that organisms con- 
tinued to proliferate and give rise to lesions 
in the eye long after they did in the other 
viscera, excepting the adrenal gland. 


TOXOPLASMOSIS 


arly in toxoplasmosis eye lesions, when 
they occurred, were predominantly necrotic 
in character destroying large sections of the 
retina, Proliferative organisms were found. 
One such lesion was observed three months 
after infection; the other was seen two 
months after challenge with the RH strain, 
which is of different pathogenetic potential 
than the CJ] strain of the initial infection.’ 

After the infection has persisted for 
several months, lesions can be produced by 
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Fig. 19 (Frenkel). Another young Besnoitia cyst 
apparently situated in the retinal pigment layer. 
The heavy cyst wall is well shown, also the giant 
vesicular nuclei and the vacuole containing the 
crescentic organisms. Both choroid (A) and 
retina (B) are inflamed. (Hamster J-54-63. «960. 
Hematoxylin-eosin.) Figures 17 and 18 are also 
from this eye. 


proliferative forms as well as by cysts. Al- 
though both forms of the organism might be 
present, lesions appeared to be caused by 
only one or the other. 

Several eyes showed the presence of intact 
Toxoplasma cysts, and, although no ruptured 
cysts were found, such are postulated to ac- 
count for the lesions. 

The similarity to the brain lesions in the 
same animals is suggestive; the apparent 
origin of the lesions in the retina where 
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cysts are present, the chronic nature of the 
retinal lesions both as regards degenerative 
changes and the absence of acute inflamma- 
tory cells, and their widespread distribution 
suggesting multiple foci—these all favor 
the interpretation that an occasional rup- 
tured cyst gave rise to these lesions. 

The number of cysts in the retina is 
limited, and the intact cyst wall prevents 
chemotaxis. Only the sporadic release of 
antigen incident to cyst rupture can explain 
such necrotizing lesions followed by vesicle 
formation and gliosis in an eye in which 
cysts were present but proliferative organ- 
isms could not be demonstrated. 

In the eye in which proliferative Toxo- 
plasma were observed 10.5 months after in- 
fection, no cysts were found on semiserial 
sectioning. The lesion was single, focal, and 
acute, with organisms present only in or 
around the lesion. Many individual groups 
of parasites were seen. The destruction of 
individual host their breakdown 
products, the liberation of antigen, and of 
organisms entering new cells, all participate 
in the production of this lesion. 

It is difficult to decide with certainty 
whether this focal lesion was initiated by 
proliferating Toxoplasma reaching the ret- 
ina via the blood stream, or by cyst rupture 
with the liberated organisms taking up pro- 
liferation. Only incomplete retinal necrosis 
was observed; nonetheless, the possibility 
exists that complete retinal necrosis, such as 
would be expected from the insult of cyst 
rupture, was missed in the 70-micron gap 
between sections. 

The presence of chorioretinal adhesions 
however, rather than of separation by edema 
fluid, attests to a slowly progressing lesion, 
such as might be anticipated to result from 
slowly proliferating organisms and not from 
the sudden and massive antigen release due 
to cyst rupture. 

The fact that proliferative organisms were 
not identified in lesions, and hence were 
probably absent when lesions occurred to- 
gether with cysts, might indicate the in- 
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Fig. 20 (Frenkel). Repair of lesions by gliosis (B) adjacent to retinal remnant (A), and by fibrosis 
(C) next to area showing marked choroiditis. Next to the ciliary body (D) is an area of subretinal 
hemorrhage. Note degeneration of the lens (E), clinically evident as a grayish-white cataract. The vas- 
cular sclerosis (F) in the choroid is an effect of a desoxycorticosterone implant present for nine weeks. 
Duration of infection: 11 weeks. (Hamster P-129. DOCA-3. «44. Periodic acid-Schiff followed by 


hematoxylin. ) 


ability of Toxoplasma to proliferate in that 
host. When proliferation does occur, these 
proliferation-inhibiting factors are appar- 
ently inoperative. 

It makes a useful concept, consistent with 
presently known facts, to explain the early 
proliferation in the eye as due to lack of 
local immunity, the later chronic chorio- 
retinitis associated with cysts that rupture 
as due to an essentially chemical inflamma- 
tion in an immune-hypersensitive host, and 
the late focal lesions associated with pro- 
liferative forms as due to a reduced immune 
state in the eye. 

It has previously been discussed” ® that the 
immune processes in the neuro-ectodermal 
derivatives of brain and eye lag behind 
those in the extraneural viscera. Hence, it 
is not surprising to find in hamsters that 
brain and eye lesions are still active when 


lesions in lung, liver, and spleen, for ex- 
ample, have regressed and healed two to 
three months after infection. 

Attention has been drawn®'® to the per 
sistence of cysts in the eye as an important 
feature in the pathogenesis of toxoplasmosis. 
The antigen released from cyst rupture ap 
pears analogous to the intradermal antigen 
injection in an immune-hypersensitive host, 
The late appearance in the eye of toxoplasmic 
proliferation is paralleled in hamsters by a 
similar process frequently taking place in 
the adrenal gland. A correlation of these two 
lesions in the same animal has not yet been 
made. 

In chorioretinitis of human adults accom: 
panied by the Toxoplasma-like parasites dis 
covered by Mrs. Wilder, both cysts and 
proliferative forms have been described." 
Since Toxoplasma has actually been isolated 
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Fig. 21 (Frenkel). Advanced  chorioretinal 
changes and repair by fibrosis, with two older 
Besnoitia cysts (arrows). Hamster 54-20, 11 weeks 
after infection. (15. Periodic acid-Schiff fol- 
lowed by hematoxylin.) Figures 22 and 23 are 
from the same eye. 
from one such eye,"* there can be little doubt 
of the previous morphologic identification 
in some 50 cases,'' which were characterized 
as a group also by the presence of antibodies 
to Toxoplasma measured by the dye test in 
all of the patients tested." 

The lesions described by Mrs. Wilder 
from the eyes of man" correspond in gen- 
eral to the lesions observed during the 
chronic infection of the hamster, especially 
those associated with proliferative forms. 
The relative role played by cysts and pro- 
liferative forms in toxoplasmic chorio- 
retinitis of human adults has not yet been 


defined. 


BESNOITIA INFECTION 


Eye lesions due to Besnoitia in the ham- 
ster occur generally within the first three 
months of infection. In infections with pro- 
liferative Besnoitia, the lesion typically starts 
as cyclitis and spreads hematogenously and 
by exudation along Bruch’s membrane to the 
posterior segment. Why the anterior segment 
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is first involved here, whereas in toxoplasmo- 
sis lesions appear to originate posteriorly, has 
not been elucidated. Both organisms have in 
common the production of ultimately com- 
plete necrosis of the retina. 

The pathogenesis of the focal necrotizing 
posterior pole retinitis associated with Bes- 
noitia cysts has not yet been clarified. It 
might be initiated by the rupture of a cyst, 
just as has been discussed for Toxoplasma 
cysts whose apparent rupture leads to the 
formation of an inflammatory vesicle. 

Lesions due to Besnoitia cyst rupture are 
commonly found in the viscera of many 
animals, since the thick cyst wall often per- 
sists until a granuloma is formed (fig. 23). 

The relative paucity of cysts in the eye and 
the unavailability, so far, of many complete 
serial sections probably accounts for their 
not having been identified.* In addition, the 
relatively early appearance of these lesions 
would be compatible only with the rupture 
of small cysts, shortly after their formation, 
which would make it difficult to identify their 
remnants. 

Ocular lesions and resultant ophthal- 
moscopic opacities incurred earlier during 
infection (figs. 17 and 18) preclude ophthal- 
moscopic detection of lesions resulting from 
persisting well-developed cysts (figs. 21 and 
22) which might rupture later during the 
chronic phase of the infection. 

Proliferative Besnoitia were found in the 
lesions discussed and may have persisted 
through the entire period of infection. How- 
ever, their small number, the relative limita- 
tion of the lesion to the posterior pole, the 
formation of an inflammatory vesicle, as 


* Recently, cyst rupture has been observed in the 
retina of a hamster. It occurred six and one-half 
months after infection. The large cyst which bulged 
above the retina had been under observation for 
over three months. It was found to be obscured by 
vitreous exudate four days after a satisfactory 
visualization. Histologic examination of the enu- 
cleated eye confirmed the clinical diagnosis. Lesions 
containing partially degenerated cysts, or merely 
remnants of cyst wall have also been observed since 
this paper was submitted for publication. These 
findings will be reported in detail. 
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Fig. 22 (Frenkel). Old Besnoitia cyst almost filled with crescentic organisms and with two giant vesicular 
nuclei applied to inside of cyst wall (arrows). Fibrous replacement of retina (A), dispersal of pigment, 
degeneration of lens (2B), and part of posterior lens capsule (C) are also shown. (Hamster 54-20. «230. 
Periodic acid-Schiff followed by hematoxylin.) Figures 21 and 23 are from the same eye. 


well as the absence of hematogenous spread 
or of cyclitis, so typical of infection with 
proliferative forms, all these make their 
primary pathogenetic participation unlikely. 

When cysts rupture in_extraneural tissues, 
the parasites leak out, stain poorly, and 
become necrotic, being phagocytized, and 
apparently do not enter new cells to resume 
proliferation. In the eye different conditions 
may obtain, preventing complete neutraliza- 
tion of liberated organisms and allowing 
for some proliferative activity. 

In summary, cysts and proliferating Bes- 
noitia have been found in chorioretinitic 
lesions during late chronic infection, just as 
in toxoplasmosis, and adrenal lesions due 
to proliferative Besnoitia have been observed 


likewise. However, Besnoitia is not known 
to occur in man. In cattle from which both 
infections have been described neither reti- 
nitis nor blindness have been recorded. 


Hlost AND TISSUE SUSCEPTIBILITY 


The peculiar susceptibility of the golden 
hamster and the production of chorioretinitis 
during the subacute and chronic infection 
with these two organisms, appears notable. 
Although this has not been investigated in 
detail such lesions have not been observed 
in most other animals under study. Only in 
pigeons has uveitis been observed with sub- 
acute Toxoplasma infection.’ Paradoxically 
in that host, choroid, sclera, and extraocular 
muscles were involved by infection with the 
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Fig. 23 (Frenkel). Proliferative Besnoitia parasitizing lens epithelium (A), which is probably the only 
ectodermal tissue remaining in this eye. They were also present in several macrophages from the posterior 
pole of the lens, similar to those shown on Figure 22. (B) Lens capsule. (C) Anterior capsular cataract. 
(D) Iris. Hamster 54-20, 11 weeks after infection. (x 320. Periodic acid-Schiff followed by hematoxylin. ) 
Figures 21 and 22 are from the same eye. 


RH strain, whereas the retina was not. The 
absence of blood vessels from the retina of 
pigeons may explain that circumstance. 

Tissue sensitivity has previously been dis- 
cussed in relation to the peculiar prolonged 
susceptibility of neuroectodermal over other 
tissues. This is thought to be due in part to 
the blood-brain barrier restricting the per- 
fusion of plasma protein containing anti- 
body, and in part due to the less active cel- 
lular defense mechanism in the brain and 
eye. 
More specifically, it is the neuro-ectoder- 
mal retina and the ciliary body epithelium 
which are parasitized by either organism, 
whereas the meningeal equivalents, choroid, 
ciliary body, supporting stroma, and iris, 
show inflammatory involvement by contiguity 
only. 

Lymphocytes and plasma cells are the pre- 
dominant cells present; only in the case of 
presumed cyst rupture with intense focal 
necrosis are what appeared to be neutrophilic 
granulocytes seen in the iris and choroid, 
parts of which are necrotic in these instances. 


Micro-organisms are also found in cells 
within the anterior and posterior chambers 
and the vitreous. 

The parasitization by proliferative Bes- 
noitia of the lens epithelium, after it has be- 
come accessible following rupture of the lens 
capsule, presents an interesting phenomenon. 
This was observed in an eye containing 
Besnoitia cysts, 11 weeks after infection. All 
neuro-ectodermal structures had been de- 
stroyed in that eye, with organization oc- 
curring from the mesodermal derivatives of 
the choroid. 

Since the lens epithelium and the macro- 
phages within the lens were the only cells 
parasitized, one wonders whether these were 
the only cells that remained susceptible. 
Their separation from antibodies due to the 
blood-brain (eye) barrier could account for 
the local status of immunity. 

Repair is by gliosis if originating from the 
retina, and by fibrosis when extending from 
the choroid. Notable is the apparent process 
of regeneration of an epithelial-like covering 
of the pigmented ciliary body stroma. Since 
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these cells tend to form an epithelial-like 
pattern and contain pigment in some areas 
they may be thought of as neuro-epithelial 
melanophores. 


COMPARISON OF HAMSTER AND 
TOXOPLASMOSIS 


HUMAN 


The usefulness of these two models of in- 
fection in the hamster depends on the de- 
monstration that proliferative organisms as 
well as cysts of each organism may occur in 
the retina during the course of a generalized 
subacute and chronic infection. Furthermore, 
pathogenesis of the lesions appears to differ 
according to what growth form or forms of 
each of the organisms are present. 

These models of infection therefore 
broaden our concepts of the possible patho- 
genesis of chorioretinitis in man which we 
know mainly from the histologic studies of 
eyes extensively involved, whether from 
adults or newborn babies. It brings into 
clearer focus the possibility that we may en- 
counter clinically patients with chorioretinitis 
due to recurrent cyst rupture as well as due 
to a smouldering infettion with proliferative 
forms of Toxoplasma. 

Since no drug is at present available that 
will eradicate Toxoplasma cysts, we can only 
aim to minimize the tissue damage following 
cyst rupture whenever it occurs. Desensitiz- 
ing immunization prophylactically and gluco- 
corticoids therapeutically appear as the logi- 
cal approaches, the rationale for which has 
been discussed."'* Proliferating Toxoplasma 
are suppressed by appropriate chemotherapy, 
with synergistic combinations of sulfadiazine 
and Daraprim (a 2:4-diamino pyrimidine 
manufactured by Burroughs Wellcome & 
Co.) appearing as most promising.’* 

The evaluation of these modes of treat- 
ment in the animal models described is a 
problem for further investigation. Eye 
lesions in chronic toxoplasmosis of hamsters 
were not met frequently enough in recent 
experiments, although another strain of 
Toxoplasma, adaptation to the eye, or, less 
likely, a different line of hamsters might 


Fig. 24 (Frenkel). Granulomatous inflammation 
resulting from rupture of three cysts (arrows) in 
spermatic cord of mouse. Intact cysts are wnac- 
companied by inflammatory reaction. Mouse 50-282, 
two months after intraperitoneal inoculation (x 130 
Periodic acid-Schiff followed by hematoxylin.) 


yield a suitable model for immunizing, 
hormonal, and specific chemotherapeutic 
studies. 

Intraocular inoculation of immune ham- 
sters or rabbits may provide a more repro- 
ducible model to study treatment of infection 
with proliferative organisms. Very little is 
known about the immunologic aspects of 
chronic infection in hamsters as compared 
with man. Their natural immunity and de- 
fense mobilization potential is low and mor- 
tality is close to 100 percent with a majority 
of strains of Toxoplasma. However, degrees 
of acquired immunity appear to be similar to 
that in man, since chronic infections with 
most strains are inapparent. 
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In man we meet infection with apparent 
frequency but rarely clinical disease, hence 
the latter should be regarded as an unusual 
exception from the average host-parasite 
relationship, barring unusually pathogenic 
strains or heavy inocula. Hence symptomatic 
chronic infection of hamsters with the un- 
usually pathogenic RH strain might parallel 
to some extent symptomatic chronic infec- 
tion of man with unknown strains. 

Antibody titers in hamsters are higher 
than they are in human adults with ocular 
lesions; Figures 5 to 8 are from ani- 
mals with dye test titers of 1 :65,000. Human 
infants, six to seven months after infection, 
might, however, have antibody titers in this 
range of magnitude. No correlation is avail- 
able between antibody titers and activity of 
eye lesions in either man or animal. 

Comparative endocrine relationships in 
man and animals need further study, 


Although Besnoitia infection of the eye 
is quite reproducible in hamsters, there is 
no evidence that it occurs in man in any 
form. Nonetheless, being more reproducible 
and offering many parallels, this model may 
be of use in the study of treatment. 


SUM MARY 


The appearance of ocular lesions in ham- 
sters with chronic Toxoplasma infection by 
the RH strain as well as with subacute and 
chronic Besnoitia jellisoni infections are 
described. Proliferative forms and cysts 
occur in each of these protozoan organisms, 
and different lesions are present in associa- 
tion with each. The pathogenesis of each le- 
sion is discussed, and similarities with the 
pathogenesis of toxoplasmic eye lesions in 
nfan are pointed out. 

University of Kansas, 

Medical Center (12). 


REFERENCES 
1. Woods, A. C., and Burky, E. L.: Experimental studies of ocular tuberculosis. VIIT. Arch. Ophth., 


31 :413-422 (May) 194. 


2. Bunn, P., and Drobeck, B.: Use of rabbit eye as a tissue to study tuberculosis. II]. Am. Rev. Tuberc, 


66 :175-187 ( Aug.) 1952. 


3. Hogan, M. J.: Ocular Toxoplasmosis. New York, Columbia Univ. Press, 1951. 
4. Frenkel, J. K.: Pathology of chronic toxoplasmosis in the golden hamster. Am. J. Path., 27 :746-747 


(July-Aug.) 1951, 
5 


_ ===! Host, strain, and treatment variation as factors in the pathogenesis of toxoplasmosis. Am. J. 


Trop. Med. & Hyg., 2:390-415 (May) 1953. 


6. Sabin, A. B.: Toxoplasmic encephalitis in children. ].A.M.A., 116 :801-807, 1941. 
7. Frenkel, J. K.: Infections with organisms resembling Toxoplasma, Riass. Comunicazioni VI Congr. 


Internaz. di Microbiol. Rome, 2 :556-557 (Sept.) 1953. 


8. Frenkel, J. K., and Friedlander, S.: Toxoplasmosis. Pathology of Neonatal Disease. Pathogenesis, 
Diagnosis, and Treatment. Public Health Service Publication #141. U. S. Gov. Printing Office, Washing- 


ton, 1951, 105 p. 


9. Frenkel, J]. K.: Pathogenesis. diagnosis, and treatment of human toxoplasmosis. J.A.M.A., 140 :369- 


377 (May) 1949. 
10 ——. 


: Uveitis and toxoplasmin sensitivity. Am. J. Ophth., 32:127-135 (June, Pt. IT) 1949. 


ll. Wilder, H. C.: Toxoplasma chorioretinitis in adults. Arch. Ophth., 48 :127-136 ( Aug.) 1952. 
12. Jacobs, L., Fair, J. R., and Bickerton, J. H.: Adult ocular toxoplasmosis. Arch. of Ophth., 51 :287 


(Mar.) 1954; Arch. Ophth., 52 :63-71 (July) 1954. 


13. Jacobs, L., Cook, M. K., and Wilder, H. C.: Serologic data on adults with histologically diagnosed 
toxoplasmic chorioretinitis. Tr. Am. Acad. Ophth., 58 :193-200 (Mar.-Apr.) 1954. 
14. Eyles, D. E.: The present status of the chemotherapy of toxoplasmosis. Am. J. Trop. Med. & Hyg. 


2 :429-444 (May) 1953. 


DISCUSSION 


Foerster: This contribu- 
tion by Dr. Frenkel is extremely interesting. When- 
ever an organism is shown to have the potentiality 
of causing eye disease in animals, we must think 


of the possibility of it causing similar intraocular 
inflammation in the human eye. Besnoitia is some- 
thing to watch out for in the future. 

As far as the individual protozoan is concerned, 
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I should like very much to see the Besnoitia organ- 
ism, and compare it in size with that of Toxo- 
plasma, Dr. Frenkel has told me that it is cres- 
centic, as is the Toxoplasma organism, that it is 
only very slightly larger, and that it markedly 
resembles Toxoplasma. 

I do not believe the cysts of Besnoitia could in 
any way be confused with those of Toxoplasma. 
They are much larger and should be readily ap- 
parent, I believe, on microscopic examination 

De. Leon Jacons: Dr. Frenkel’s interesting 
paper indicates that as a model of recurrent toxo- 
plasmosis or toxoplasmic chorioretinitis in humans, 
the eye infection in the hamster may serve better 
than the eye infection in other animals. In rabbits 
infected systemically by any peripheral route, we 
find much more difficulty in getting ocular lesions. 
Dr. Hogan reported some lesions in rabbits follow- 
ing intracarotid inoculation, but there was a very 
short period of time in which he had to operate 
because the animals generally succumbed within 
about 10 days. 

We have tried intracarotid inoculation with an 
avirulent strain of Toxoplasma and have not been 
able to produce these eye lesions in the rabbit. 

The occurrence of focal and inflammatory re- 
sponses to the rupture of pseudocysts is probably 
the mechanism for the chronic recurrent bouts of 
inflammation seen in the human. On the basis of 
this rationale, the use of cortisone to control the 
disastrous chemotactic response, together with a 
chemotherapeutic agent to prevent proliferation of 
the parasites and to cause their destruction, should 
be explored. 

The description of the pathogenetic events of- 
fered by Dr. Frenkel also serves to explain the 
difficulty any investigator would encounter in at- 
tempting to correlate ocular symptoms with a past 
systemic infection, which is what Dr. Sabin, who 
commented on my paper on Wednesday, would have 
us do. 

Ocular lesions generally do not occur until the 
immune response to the infection has dropped to a 
relatively low level. Antibody production apparently 
takes place in tissues physiologically remote from 
the central nervous system, so that, after the infec- 
tion may be burned out in the extraneural viscera, 
encysted parasites may persist in the eye and brain 
and eventually may rupture out of the pseudocysts 
and again proliferate. 

On the basis of this thesis it may be worth while 
to explore the usefulness of intramuscular injection 
of dead antigens to restimulate systemic antibody 
production. 
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As a model for the chemotherapeutic work aimed 
at finding satisfactory treatment for ocular toxo- 
plasmosis, however, these studies on the hamster 
present certain difficulties. First, there are unecer- 
tainties in the production of lesions. Second, there 
is necessity for treatment with sulfonamides in 
order to arrive at the chronic state, which means 
that the parasites with which you want to deal 
chemotherapeutically have already been exposed 
to sublethal concentrations of the drug. Third, there 
is difficulty in climeal evaluation of the lesions on 
any, even a semiquantitative, basis 

In our laboratory we are approaching this prob- 
lem of chemotherapy with the use of a relatively 
avirulent strain inoculated into the anterior chamber 
of the rabbit eye. While the RH strain so mocu- 
lated will rapidly kill the animals, this strain allows 
survival, and we are finding that the appearance of 
lesions and the course of the inflammatory response 
over a period of four to six weeks is generally 
predictable. 

Of corollary interest from the standpoint of 
immunity in the ocular tissues, we have found that 
anterior chamber challenge with the RH stram (the 
virulent strain) after previous immunization with 
the other strain, results in the same severe anterior 
uveitis. In contrast to this, there is hardly any local 
reaction following challenge by peripheral routes 

K. Frenket (closing) would like to 
thank both Mrs. Foerster and Dr. lacobs for their 
discussion. | omitted saying, and am glad Mrs 
Foerster pointed it out, that the proliferative forms 
of Toxoplasma and of Besnoitia are probably im- 
distinguishable on sections; one can make a distinc- 
tion perhaps on smears. The cysts are easily difter- 
entiated, since those of Besnoitia are larger, have a 
thicker cyst wall, and are lined by cyst-wall nuclei, 

Secondly, it should be mentioned that these organ 
isms give rise to different serologic responses. One 
can differentiate infections with the dye test. An 
immunologic test, such as a skin test, may be use- 
ful in certain animals and man if the infection is a 
chronic one. 

I also agree with Dr. Jacob's remark, that for 
chemotherapeutic studies the hamster model is not 
as useful as one where infection can be quantita- 
tively introduced into the eye. The model | have 
described has its principal value in the study of 
pathogenesis, and in pointing out what can happen 
during the natural course of an infection 

I believe the approach that Dr. Jacohs is using 1s 
more direct and less complicated, and should bring 
forth results of interest to those who are concerned 
with treatment. 


STUDIES OF IMMUNITY IN EXPERIMENTAL HERPETIC 
KERATITIS IN RABBITS* 


Raymonp L. Hatt, M.D., G. MacKweson, B.A., anv H. L. Ormspy, M.D. 
Toronto, Ontario 


Herpes-simplex virus infection of the 
cornea in man characteristijcally produces a 
superficial branching (dendritic) ulcer, 
corneal hypesthesia, and a mild conjunc- 
tivitis. The benign clinical course of this 
lesion is thought to depend upon circulating 
humoral antibody, and in recurrent ulcers, 
upon fixed tissue antibody in the cornea. Oc- 
casionally in adults, and frequently in chil- 
dren, herpes simplex corneae occurs as a 
primary lesion in an individual lacking 
humoral antibody. In these cases the keratitis 
and secondary conjunctivitis are usually 
severe, resembling the primary keratitis seen 
in rabbits following corneal inoculation with 
the virus. 

The mechanism of immunity in herpes- 
simplex infections of the cornea is not clear. 
Braley’ believes that humoral immunity is 
relatively unimportant in corneal herpes, and 
that local tissue immunity plays an important 
part in recovery from infection and in pre- 
vention of recurrences. 

There are several interesting reports of 
experiments on corneal immunity using for- 
eign proteins. Thompson*® and co-workers 
injected egg albumin into rabbit cornea and 
demonstrated that precipitins could be 
formed in the corneal stroma. Thompson and 
Olson® injected hen ovalbumin in to the right 
cornea of a rabbit and human serum albumin 
into the left. The respective corneal tissues 
contained only antibodies against the anti- 
gens with which each had been injected. 

Bursuk* injected typhoid bacilli into rabbit 
cornea and found that agglutinins and 
opsonins appeared in the corneal tissues 
earlier, and in greater concentration, than in 
the serum. 

Moro® studied corneal immunity in vac- 
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cinial keratitis by means of keratoplasty. In 
his experiments he grafted corneas from 
normal to immune animals and attempted to 
reinfect the grafted eyes. There was no 
evidence of infection following reinoculation. 
He also grafted corneas from immune to 
normal animals and found that the corneas 
could be infected as readily as the nongrafted 
eyes. He concluded that the immunity result- 
ing from vaccinial keratitis was systemic in 
type rather than of the cornea alone. 

Loewenstein®:’ conducted experiments on 
corneal immunity in herpetic keratitis in the 
rabbit. In his experiments the previously in- 
fected eye when healed was immune to 
further inoculation with herpes-simplex 
virus. The interval between inoculations was 
not stated. 

Doerr and Vochting* inoculated the second 
cornea of eight rabbits with herpes-simplex 
virus at intervals between 15 and 30 days 
after primary inoculation of the first cornea. 
In these animals the reaction in the second 
cornea tended to be less severe and the in- 
cubation period slightly prolonged. These 
workers did not record any observations of 
the comparative residual scarring in the two 
eyes. 

Florman and Trader® reported that a high 
level of humoral antibody appears in rabbits 
within three weeks of corneal inoculation 
with herpes-simplex virus. The level of anti- 
body determined in their experiments 
reached its peak in six weeks and no drop 
was noted within nine weeks. 

Since humoral antibody and local tissue 
immunity are considered to be important 
factors in preventing recurrence and in 
recovery from herpetic infections in the 
human cornea, a further study of this prob- 
lem, using rabbit cornea, has been under- 
taken. 
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MetTuops AND MATERIALS 


The strain of herpes-simplex virus used in 
these experiments was originally isolated 
from a dendritic ulcer of a five-year-old girl. 
This strain was chosen because it did not 
produce encephalitis in rabbits, making it 
possible to carry out the experiments with- 
out animal deaths from this cause. 

All rabbits were inoculated by searifying 
the cornea with a No. 18 hypodermic needle 
and placing a small piece of cornea from the 
11th rabbit passage of the virus on the seari- 
fied area. 


PROCEDURE AND RESULTS 


I. SEROLOGIC STUDIES 


In order to determine the degree of 
humoral immunity resulting from a primary 
herpetic keratitis, 14 animals were bled be- 
fore inoculation and at monthly intervals 
thereafter. Serologic studies were carried 
out by the neutralization technique deseribed 
by Ruchman."® The Karber method of caleu- 
lating the was used.**™ 

From Chart | we see that serum antibody 
in the rabbits had reached a high level by one 
month after primary moculation, reinocula- 
tion did not increase the antibody, and the 
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level was maintained for at least two 
months after the second inoculation. These 
values were comparable to those reported 


by Florman and Trader, 


Il. REINOCULATION EXPERIMENT 


To study the effect of immunity resulting 
from a primary herpetic keratitis in rabbits 
upon reinoculation of the same cornea, 66 
previously infected eyes were remoculated at 
intervals of from three to 24 weeks. 

As a control, the effect of trauma was 
assessed by scarification of the corneas of 
14 animals at similar intervals after the pri 
mary herpetic keratitis had subsided, All 
corneas were examined daily with the slit- 
lamp. 

From Chart 2 we see that it was possible 
to. remfect 42 percent of the eyes with the 
virus. The majority of these reinfections 
mld keratitis, im 


were manifested by a 


marked contrast to the severe primary 
keratitis previously observed. No significant 
reaction was seen in any of the searihed con- 


trol eyes. 


Ill. CORNEAL INOCULATION OF 
WITH HUMORAL IMMUNITY 


ANIMALS 


In order to determine the effect of 
humoral antibody on a normal cornea in the 
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immune animal, 22 rabbits, which had re- 
covered from a primary herpetic ketatitis in 
the right eye, were inoculated in the left 
eye after intervals of four, eight, and 22 
weeks. 

From Chart 3 we see that a typical pri- 
mary type of keratitis developed in almost all 
the eyes despite the presence of a high level 
of humoral, antibody. However, the degree 
of residual corneal scarring in these eyes 
was much less than that resulting from pri- 
mary herpetic keratitis. | 


STUDIES OF IMMUNE CORNEAL GRAFTS 
IN NONIMMUNE ANIMALS 


In an attempt to determine the effect of 
tissue immunity in the absence of humoral 
antibodies, full thickness corneal grafts were 
taken from 20 eyes which had recovered 
from a primary herpetic keratitis, and trans- 
planted into the corneas of nonimmune 
rabbits. Eight nonvascularized grafts were 
reinoculated four weeks after transplant. 

Gross observation, slitlamp microscopy, 
and histologic study of these grafted corneas 
failed to show any significant difference in 
the degree of keratitis between the graft and 
the host cornea. It will be seen from Chart 


4, that seven of the eight eyes developed 
keratitis. 


V. STUDIES OF NONIMMUNE CORNEAL GRAFTS 
IN IMMUNE ANIMALS 


To study the effect of combined humoral 
and adjacent tissue immunity on transplanted 
rabbit cornea, 20 full-thickness corneal grafts 
were taken from nonimmune eyes and trans- 
planted into healed corneas which had re- 
covered from a primary herpetic keratitis. 
Four weeks after transplant 10 nonvascu- 
larized grafts were inoculated with herpes- 
simplex virus. Following gross and slitlamp 
observation of these grafted corneas, the 
eyes were enucleated for histologic study 
on the fourth day. 

In Chart 5 it will be seen that the inflam- 
matory reaction was minimal in both the 
graft and the host cornea. This was similar 
to the previously observed effect of rein- 
oculation in healed eyes. 


DISCUSSION 


From these experiments it is clear that 
circulating antibody, in the rabbit, plays a 
small but important part in reducing the 
severity of herpetic keratitis. This is demon- 
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Chart 3 (Hall, MacKneson, and Ormsby). Reaction of inoculated left eyes. 


Fig. 1 (Hall, MacKneson, and Ormsby). (A) Host cornea (nonimmune). (B) Corneal graft (immune). 
These two microphotographs show the presence of herpetic inclusion bodies in the epithelial cells of both 


graft and host cornea. 
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Chart 4 (Hall, MacKneson, and Ormsby). Inoculation of grafts immune to nommmmune cornea. 


Fig. 2 (Hall, MacKneson, and Ormsby). (A) Host cornea (immune). (B) Corneal graft (nonimmune ). 
These microphotographs show the absence of typical herpetic inclusion bodies in the epithelial cells of 


both graft and host cornea. 
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Chart 5 (Hall, MacKneson, and Ormsby). Inoculation of grafts nonimmune to immune cornea 


strated by the reduction in residual searring 
which 
rabbit is moculated with the virus after the 
from a primary 


occurs when the second eye of a 


first has recovered 
herpetic keratitis. 


Local defense mechanisms apparently play 


eve 


the major role in reducing the severity of 
herpetic keratitis. This is clearly demon 
strated upon reinoculation of the eyes which 
had recovered from a primary keratitis. 
Whether this tissue immunity is due to fixed 
antibodies or to the presence of latent virus 
in the interference 
phenomenon, is not clear at this time. 


cornea, the so-called 

The failure of immune cornea to retain its 
immunity when transplanted into a non- 
immune host and the ability of a nonimmune 
cornea to acquire immunity when it is trans- 
planted into an immune eye is of practical 
importance in keratoplasty, particularly in 
regard to the transplantation of human 
cornea with herpetic scarring. The explana- 
tion for this observation is not clear, but it 
seems possible that there may be a replace 
ment of the cells in the donor cornea by 
those of the host. 


SUMMARY 
the 


|. Primary herpetic keratitis in 


rabbit resulted in a high serum antibody 


titre by the fourth week following inocula 
tion. Reimfection did not produce any in 
crease in humoral antibody. The high anti 
level 
months, 


persisted for at least three 

2. After recovery from a primary kera 
titis, remoculation of the same cornea re- 
sulted in reinfection in 42 percent of the 
corneas. The majority of these infections 
were of a mild type. The remaining 58 per 
cent of eyes did not show evidence of re 
infection. 

5. Inoculation of the cornea of the second 
eyes which were protected by humoral im 
munity alone resulted in a keratitis typical 
of the primary reaction, but the residual 
scarring of these corneas was less marked 
than in the first eyes which had recovered 
from a primary keratitis, 

4. Previously inoculated corneas trans 
planted into nonimmune animals did not re 
tain their immunity to the virus upon re 
moculation. Nonimmune 


corneas trans 


planted into previously inoculated eyes 
acquired the immunity of the recipient eye. 


Department of Ophthalmology, 
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DISCUSSION 


De. Arson FE. Bratey: To me, this is a most 
fascinating study, since for quite a while | was of 
the opmion that the local antibody in the cornea 
was extremely important as far as reinfection is 
concerned, 

While it is not directly analogous that rabbits 
and human beings can be compared as far as herpes 
infection is concerned, I believe this study will lend 
a great deal of support to some of the theories that 
we have expounded for some little time. 

We still do not understand the entire mechanism 
of immunity in herpes, and the role played by the 
circulating antibodies certainly has been minimized 
in the human being in comparison to the rabbit. As 
has been pointed out here today, in the rabbit the 
circulating antibody seems to play a rather impor- 


tant role, since reinfection of the second cornea _ 


was not as severe as the first infection. 

Although reinfection of the second cornea in 
the same rabbit did occur with fair regularity, re- 
infection of the first cornea after healing did not 
occur with as great regularity, therefore indicating 
the presence of local immune bodies. 

I had planned to report some of the work that 
perhaps some of you might not be too well ac- 
quainted with, namely, that of Medawar, a man 
who did work on a strain of inbred rats, in which 
he attempted to transplant rat skin from one area 
to another. 

As all of you know, homologous tissue when 
transplanted (particularly skin) will die. Trans- 
plantation of identical twins or autogenous tissue, 
of course, lives very readily. One can develop a 
strain of rats that is so completely inbred that 


transplanting of skin from one rat to: another rat 
will take place without any death. Then, by tak- 
ing an outside series that is not inbred, it is impos- 
sible to transplant those rats. 

Where is all this getting us? It is getting us to 
the source of differentiation between local anti- 
bodies and general antibodies and circulating anti- 
bodies. From this work it was indicated that the 
source of the local antibody was not from the local 
tissue itself, but was probably from the lymph node. 

| have wondered how the local antibodies could 
get from the lymph nodes into the cornea. As far 
as I know, there is no way in which the cornea can 
develop antibodies except from the local histiocytes, 
if such is possible. 

Herpes simplex, as you all know, is probably 
one of the most important diseases, and the im- 
munity to herpes in the human being should be 
studied considerably. One of the methods of study- 
ing this, of course, is With corneal transplants. 
However, I spoke to Dr. Maumenee this morning, 
and from his work and from other indications it 
would appear that the host cornea contributed to the 
graft and therefore might prevent the develop- 
ment of infections in the cornea. 

In both instances, whether it was an immune 
cornea that was transplanted into a normal rabbit 
or a normal rabbit cornea transplanted into an im- 
mune animal, the new cornea would then take on 
the characteristics of the animal with which it was 
then living. 

This has been a most interesting paper, and in my 
opinion it contributes to the theory and knowledge 
of our work with herpes simplex. 


~ 


EXPERIMENTAL HERPETIC KERATITIS 


Da. James H. Atien: | would like to congratu- 
late the authors on a beautiful piece of work, which 
I hope is the beginning that will clear the confusion 
about the immunity reactions to herpes infections 
of the cornea. 

Actually, from the theoretical standpoint the im- 
munologist could have predicted these results from 
the clinical reactions we see. However, for the 
first time, I believe, we have definite, experimental 
proof of the value, though limited, of circulating 
antibody but I do not see that there is any proof 
in the paper that the prolonged local resistance was 
due to a local antibody effect. 

From the clinical literature one gains the impres- 
sion that the transplantation of corneal tissue into 
an eye which has been infected with herpes simplex 
is not likely to be followed by a herpetic infection 
of the transplant. Two years ago i had the unfor- 
tunate experience of having herpes-simplex infec- 
tions develop in the grafts of two patients in whom 
| had performed corneal transplantation procedures. 
The infections developed between four and 10 days 
following the operation. In reviewing the history 
of the donor patients, there was no indication of 
herpes infections, therefore the virus must have 
been present in the recipient's eyes. 

| think it is important to correct the impression 
in the clinical literature that herpes-simplex infec- 
tion does not occur in grafted corneas. 

De. Henry F. agreewwith Dr. Braley 
and Dr. Allen in commending the Muthors for a 
very stimulating piece of work, which bears on the 
basic question of the distinction between tissue anti- 
body and humoral antibody. 

Because of the fundamental nature of this work, 
it seems particularly important to strive for an 
exact parallelism in controls. | wonder whether the 
authors have transplanted two immune corneas 
from the same animal into a rabbit which had 
heen infected on one cornea, and whether they have 
done the same with two nonimmune corneas. The 
implications of such an experiment might be com- 
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plementary to their previous observations. 

Following the demonstration in 1948 by Heil, 
Allen, and Cheever of the presence of herpes neu- 
tralizing antibody in gamma globulin, we tried the 
therapeutic effect of injecting gamma globulin into 
human patients with dendritic keratitis. Our results 
were disappointing. 

We feel that in a primary dendritic keratitis, or 
in the later sequence of developments in a cornea 
infected with herpes, systemic injections of gamma 
globulin have no therapeutic value. A possible ex- 
ception exists in the case of a cornea heavily vas- 
cularized as a result of chronic or oft-repeated 
infections. The theoretic basis, of course, is that 
the added blood supply serves to carry the antibody 
to the virus. We have had a few encouraging results 
in such cases. 

To determine whether administration of gamma 
globulin systematically would be effective on a 
prophylactic basis, as suggested by Dr. Stone, would 
require repeated injections over a long period of 
time. In view of the variability of incidence of 
attacks of herpes-simplex keratitis, which we know 
can appear at intervals of six and even more years, 
the results would be extremely difhcult to evaluate 

De Ray L. Hatt (closing): On behalf of Dr. 
Ormsby, Mrs. MacKneson, and myself I wish to 
thank the discussers for their very informative 
comments about this paper. Although the hour is 
late, | would like to clear up a misconception re- 
garding the results of one of our experiments, 
which would seem apparent from the remarks of 
the discussers. 

From our observations, we were not able to 
attach great importance to the role of circulating 
humoral antibody. The only significant effect we 
could see was the reduction in residual corneal 
scarring. The reaction of the cornea was in most 
instances very similar to that of a nonimmune eye. 

Some statement which | made may have created 
a different impression but | think that the results 
are fairly clear in the written paper. 


PENETRATION OF MAGNAMYCIN® INTO THE AQUEOUS 
HUMOR OF RABBITS* 


Hans R. Hauster, M.D., anp Hucu L. Ormssy, M.D. 
( With the technical assistance of Ingrid Munck ) 
Toronto, Ontario 


The new antibiotic Magnamycin® is a 
crystalline monobasic substance obtained 
from products of the mold Streptomyces 
halstedii, Active in inhibiting gram-positive 
bacteria it has little effect against gram- 
negative organisms. The growth of Rickett- 
sia and the larger viruses is inhibited by 
Magnamycin, properties otherwise only 
shared by the broad-spectrum types of 
antibiotics. 

Magnamycin does not have cross re- 
sistance to other antibiotics of general use 
and test organisms become resistant to it 
only in a slow stepwise fashion.’ It is gen- 
erally effective against those gram-positive 
bacteria found to be highly resistant to other 
antibiotics.”* In experimental animals the 
toxicity of Magnamycin has proved to be 

Clinically, it is an effective therapeutic 
agent in the treatment of infections caused 
by gram-positive organisms,® and has par- 
ticularly proved its therapeutic value in the 
treatment of enterococcie urinary tract in- 
fections.**’ 

The promising results obtained by Halli- 
day and Ormsby* in the treatment of infec- 
tious external eye diseases by topical ad- 
ministration of Magnamycin ophthalmic 
oimtment made a more detailed study of the 
antibiotic as applied to ophthalmologic prob- 
lems desirable. The purpose of this investi- 
gation was to study the penetration of 
Magnamycin into the aqueous following ad- 
ministration by various methods. 

In five groups of experiments, aqueous 
concentrations of the antibiotic were de- 


— 


® The trademark of Chas. Pfizer & Co. for the 
antibiotic, carbomycin, is Magnamycin. 

*From the Departments of Ophthalmology and 
Bacteriology, University of Toronto. 
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termined after topical administration of two 
different ophthalmic ointments, after intra- 
muscular and intravenous injection, after 
subconjunctival injection, and after ad- 
ministration by iontophoresis and by corneal 
bath. Finally a number of experiments were 
undertaken to study the effect of Magna- 
mycin in the treatment of intraocular infec- 
tions. In all experiments rabbits were used 
as test animals. 


METHODS AND MATERIALS 


The Magnamycin preparations used in the 
experiments were supplied by Chas. Pfizer 
& Co., Brooklyn, New York. The follow- 
ing preparations were used: 

1. Magnamycin Hydrochloride Ophthal- 
mic Ointment, containing 10 mg. Magna. 
mycin hydrochloride per gm. 

2. Magnamycin Ophthalmic Ointment, 
containing 10 mg. Magnamycin as the base 
per gm. 

3. Magnamycin Intravenous, 10 ml. vials, 
containing 200 mg. Magnamycin as _ the 
hydrochloride. 

4. Magnamycin—Brand of Carbomycin, 
for intramuscular use, 10 ml. vials, con- 
taining 500 mg. Magnamycin as the sulfate. 

5. Diagnostic Buffered Magnamycin, 20 
ml. vials, containing 20 mg. Magnamycin as 
the phosphate for standardization purposes. 

In some of the experiments dealing with 
the subconjunctival injection of the anti- 
biotic or with its administration by ionto- 
phoresis, hyaluronidase’ was added to the 
Magnamycin solutions in the manner speci- 


The hyaluronidase used was Wydase (lyophi- 
lized hyaluronidase, manufactured by |. Wyeth & 
Brother Limited, Walkerville, Ontario, supplied in 
ampules containing 150 TR (turbidity reducing 
units) each. 


fied below. Heparin* served as an anti- 
coagulant in the assay of plasma, 10 inter- 
national units being added to each ml. of 
rabbit blood. The animals were anesthetized 
by intravenous or intraperitoneal injection 
of Nembutal.’ In addition, or as an alterna- 
tive, ether for anesthesia was used on oc- 
casion. 

For the removal of the aqueous, 0.25-ml. 
glass syringes with 27-gauge needles were 
found suitable. 

The subconjunctival injections were 
carried out by using a 27-gauge needle on a 
0.50-ml. glass syringe, the total volume of 
fluid injected being 0.20 or 0.25 ml. re- 
spectively. 

Iontophoresis was carried out with a lucite 
eyecup electrode similar to the one described 
by Selinger.” 

The Magnamycin in the aqueous and 
plasma was assayed following a modification 
of the twofold serial dilution method de- 
scribed by Rammelkamp,’ the medium being 
Hartley broth. The inoculum per tube was 
0.05 ml. of a standard culture of Staphylo- 
coccus aureus (Peoria), usually diluted 
1,000 or 10,000 times in the Hartley broth. 
The incubation time was 24 hours at 37°C. 
At the end of this period the tubes were in- 
spected for the inhibition of gross turbidity. 

In the experiments where Magnamycin 
was used in the treatment of experimental 
endophthalmitis, von Sallmann’s'® method 
was followed to produce a standard intra- 
ocular infection. The infecting organism 
was Staphylococcus aureus ( Peoria). 


1. MAGNAMYCIN—TOPICAL ADMINISTRATION 


As previously reported by Halliday and 
Ormsby,’ the repeated administration of 
ophthalmic ointment containing Magna- 
mycin as the hydrochloride salt into the con- 


* Produced by the Connaught Medical Research 
Laboratories, 1.0 ml. containing 1,000 international 
units of heparin. 

* Pentobarbital sodium, Abbott Laboratories 
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junctival sac of rabbits produced concentra- 
tion leve!s in the aqueous ranging from 1.25 
to 5.0 ug. per ml. These experiments were 
repeated on five animals (10 eyes) and 
similar results were obtained. 

Approximately 0.2 gm. of the ointment 
was administered eight times successively in- 
to the lower conjunctival sac with an interval 
of 15 or 20 minutes between treatments. 

As can be seen from Table 1, concentra- 
tions up to 5.0 pg. Magnamycin per ml. of 
aqueous were obtained. The average aque- 
ous concentration in six eyes after eight 
treatments at 15-minute intervals was 1.66 
yg. per ml., and in four eyes at 30-minute 
intervals 2.81 pg. per ml. 

Magnamycin ophthalmic ointment con- 
taining the antibiotic as the base was tested 
on 24 animals (48 eyes). The experimental 
conditions and results obtained are 
presented in Table 1. In these tests no 
measurable aqueous concentrations 
obtained, even after intensive treatment. 
Moderate conjunctival injection and slight 
chemosis occurred regularly after treatment 
with either of the two Magnamycin oph- 
thalmic ointments, and no _ appreciable 
difference was found in this respect. 


also 


were 


2. MAGNAMYCIN—-SYSTEMIC 
ADMINISTRATION 


The aqueous and plasma of a total of 36 
rabbits was assayed for Magnamycin after 
the animals had received the antibiotic by 
intramuscular and intravenous injection. 
The Magnamycin concentrations in the 
aqueous and plasma obtained under varying 
experimental conditions are presented in 
Table 2 and Table 3. 

When Magnamycin was administered 
intramuscularly, and one single intramuscu- 
lar injection was given, aqueous and blood 
were removed either 90 or 120 minutes after 
the injection. Ninety minutes after a dose 
of 25 mg. Magnamycin per kg. of animal, 
the average aqueous concentration in eight 
eyes was 0.41 yg. per mi. and after a dose 
of 50 mg. Magnamycin the average aqueous 


Limited 
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sia and the larger viruses is inhibited by 
Magnamycin, properties otherwise only 
shared by the broad-spectrum types of 
antibiotics. 

Magnamycin does not have cross re- 
sistance to other antibiotics of general use 
and test organisms become resistant to it 
only in a slow stepwise fashion.’ It is gen- 
erally effective against those gram-positive 
bacteria found to be highly resistant to other 
antibiotics.** In experimental animals the 
toxicity of Magnamycin has proved to be 

Clinically, it is an effective therapeutic 
agent in the treatment of infections caused 
by gram-positive organisms,” and has par- 
ticularly proved its therapeutic value in the 
treatment of enterococcic urinary tract in- 
fections.*’’ 

The promising results obtained by Halli- 
day and Ormsby" in the treatment of infec- 
tious external eye diseases by topical ad- 
ministration of Magnamycin ophthalmic 
ointment made a more detailed study of the 
antibiotic as applied to ophthalmologic prob- 
lems desirable. The purpose of this investi- 
gation was to study the penetration of 
Magnamycin into the aqueous following ad- 
ministration by various methods. 

In five groups of experiments, aqueous 
concentrations of the antibiotic were de- 


® The trademark of Chas. Pfizer & Co. for the 
antibiotic, carbomycin, is Magnamycin. 7 

*From the Departments of Ophthalmology and 
Bacteriology, University of Toronto. 
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termined after topical administration of two 
different ophthalmic ointments, after intra- 
muscular and intravenous injection, after 
subconjunctival injection, and after ad- 
ministration by iontophoresis and by corneal 
bath. Finally a number of experiments were 
undertaken to study the effect of Magna- 
mycin in the treatment of intraocular infec- 
tions. In all experiments rabbits were used 
as test animals. 


MeTHODS AND MATERIALS 


The Magnamycin preparations used in the 
experiments were supplied by Chas. Pfizer 
& Co., Brooklyn, New York. The follow- 
ing preparations were used: 

1. Magnamycin Hydrochloride Ophthal- 
mic Ointment, containing 10 mg. Magna- 
mycin hydrochloride per gm. 

2. Magnamycin Ophthalmic Ointment, 
containing 10 mg. Magnamycin as the base 
per gm. 

3. Magnamycin Intravenous, 10 ml. vials, 
containing 200 mg. Magnamycin as _ the 
hydrochloride. 

4. Magnamycin—-Brand of Carbomycin, 
for imtramuscular use, 10 ml. vials, con- 
taining 500 mg. Magnamycin as the sulfate. 

5. Diagnostic Buffered Magnamycin, 20 
ml. vials, containing 20 mg. Magnamycin as 
the phosphate for standardization purposes. 

In some of the experiments dealing with 
the subconjunctival injection of the anti- 
biotic or with its administration by ionto- 
phoresis, hyaluronidase’ was added to the 
Magnamycin solutions in the manner speci- 


' The hyaluronidase used was Wydase (lyophi- 
lized hyaluronidase, manufactured by |]. Wyeth & 
Brother Limited, Walkerville, Ontario, supplied in 
ampules containing 150 TR (turbidity reducing 
units) each. 


cr 


PENETRATION OF MAGNAMYCIN® 


fied below. Heparin* served as an anti- 
coagulant in the assay of plasma, 10 inter- 
national units being added to each ml. of 
rabbit blood. The animals were anesthetized 
by intravenous or intraperitoneal injection 
of Nembutal.’ In addition, or as an alterna- 
tive, ether for anesthesia was used on oc- 
casion. 

For the removal of the aqueous, 0.25-ml. 
glass syringes with 27-gauge needles were 
found suitable. 

The subconjunctival injections were 
carried out by using a 27-gauge needle on a 
0.50-ml. glass syringe, the total volume of 
fluid injected being 0.20 or 0.25 mil. re- 
spectively. 

Iontophoresis was carried out with a lucite 
eyecup electrode similar to the one described 
by Selinger.” 

The Magnamycin in the aqueous and 
plasma was assayed following a modification 
of the twofold serial dilution method de- 
scribed by Rammelkamp,’ the medium being 
Hartley broth. The inoculum per tube was 
0.05 ml. of a standard culture of Staphylo- 
coccus aureus (Peoria), usually diluted 
1,000 or 10,000 times in the Hartley broth. 
The incubation time was 24 hours at 37°C. 
At the end of this period the tubes were in- 
spected for the inhibition of gross turbidity. 

In the experiments where Magnamycin 
was used in the treatment of experimental 
endophthalmitis, von Sallmann’s'® method 
was followed to produce a standard intra- 
ocular infection. The infecting organism 
was Staphylococcus aureus (Peoria). 


1. MAGNAMYCIN-——TOPICAL ADMINISTRATION 


As previously reported by Halliday and 
Ormsby," the repeated administration of 
ophthalmic ointment containing Magna- 
mycin as the hydrochloride salt into the con- 


* Produced by the Connaught Medical Research 
Laboratories, 1.0 ml. containing 1,000 international 
units of heparin. 
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junctival sac of rabbits produced concentra- 
tion levels in the aqueous ranging from 1.25 
to 5.0 ug. per ml. These experiments were 
repeated on five animals (10 eyes) and 
similar results were obtained. 

Approximately 0.2 gm. of the omtment 
was administered eight times successively in- 
to the lower conjunctival sac with an interval 
of 15 or 20 minutes between treatments. 

As can be seen from Table 1, concentra- 
tions up to 5.0 yg. Magnamycin per ml. of 
aqueous were obtained. The average aque- 
ous concentration in six eyes after eight 
treatments at 15-minute intervals was 1.66 
ug. per ml., and in four eyes at 30-minute 
intervals 2.81 pg. per ml. 

Magnamycin ophthalmic ointment con- 
taining the antibiotic as the base was tested 
on 24 animals (48 eyes). The experimental 
conditions and results obtained are also 
presented in Table 1. In these tests no 
measurable aqueous concentrations were 
obtained, even after intensive treatment. 
Moderate conjunctival injection and slight 
chemosis occurred regularly after treatment 
with either of the two Magnamycin oph- 
thalmic ointments, and no appreciable 
difference was found in this respect. 


2. MAGNAMYCIN—SYSTEMIC 
ADMINISTRATION 


The aqueous and plasma of a total of 36 
rabbits was assayed for Magnamycin after 
the animals had received the antibiotic by_ 
intramuscular and intravenous injection. 
The Magnamycin concentrations in the 
aqueous and plasma obtained under varying 
experimental conditions are presented in 
Table 2 and Table 3. 

When Magnamycin was administered 
intramuscularly, and one single intrarmuscu- 
lar injection was given, aqueous and blood 
were removed either 90 or 120 minutes after 
the injection. Ninety minutes after a dose 
of 25 mg. Magnamycin per kg. of animal, 
the average aqueous concentration in eight 
eyes was 0.41 yg. per mi. and after a dose 
of 50 mg. Magnamycin the average aqueous 


= 
Limited. 


2%) HANS R. HAUSLER AND HUGH L. ORMSBY 
TABLE 1 
Agurous CONCENTRATIONS FOLLOWING TOPICAL ADMINISTRATION 
(Magnamycin) 
Number of Time be- Aqueous — 
Experi- No. of Type of tween Last — -————— - 
pm at Eyes Magnamycin and Interval Application Concentration Concentration 
Tested Ointment bet ween and Removal Range Average 
Same of Aqueous (pe ./CC.) / 
Do. laterval Minutes 
Base 120 <0.62 
2 6 Base I 60 <0.62 
3 4 Base <1.25 
4 10 Base x 15’ 45 <0.62 
5 10 Base | 15’ 60 <0.31 
6 6 Base » 15’ 60 <0.62 
7 4 Base <0.62 
6a 6 Hydrochloride 15’ 60 1.25-2.50 1.66 
7a 4 Hydrochloride 1.25-5.00 2.81 


concentration in four eyes was 0.62 yg per 
ml. Injection of 100 mg. per kg. body weight 
produced an average aqueous concentration 
of 0.83 wg. per mi. in six eyes after 90 
minutes, and an average concentration of 
0.93 in four eyes after 120 minutes. In one 
experiment two animals received 10 minutes 
of shortwave treatment to both eyes, this 
treatment being initiated 50 minutes after 
the injection of 100 mg. Magnamycin per 
kg. In these animals the average aqueous 
concentration was found to be 1.08 yg. 90 
minutes after the intramuscular injection. 
In a similar experiment three animals re- 
ceived shortwave treatment of 15 minutes, 
also initiated 50 minutes after the injection 


and the aqueous was removed 120 minutes 
after the imtramuscular injection. The 
average concentration of Magnamycin in 
these six eyes was 1.66 ug. 

In brief, the Magnamycin concentration 
in the aqueous was about 40 percent of that 
of the plasma 90 or 120 minutes after a 
single imtramuscular of the anti- 
biotic. 

In the experiments where the 
were subjected to shortwave treatment be- 
fore the aqueous was removed, the Magna- 
mycin in the aqueous was above 50 percent 
of the concentration found in the plasma. 
Under the experimental conditions involved, 
shortwave treatment increased the penetra- 


animals 


TABLE 2 
AQUEOUS CONCENTRATIONS FOLLOWING SYSTEMIC ADMINISTRATION 


(Magnamycin as the sulfate 


intramuscular injection) 


valbetween Aqueous Pleome 
No. No. of Dose Injection and 
Concen- Concen- Concen- Concen- 
Animale Eyes (mg./kg.) tration tration tration tration 
(minutes) (ug. /ec.) (ug ./cc.) 
! 4 x 25 90 0. 31 0.62 0.41 0.62-1.25 1.09 
Z 2 4 50 Ww) 0.62 0.62 1.25 1.25 
5 35 6 100 90 0.62-1.25 0.83 1.25--2.50 2.08 
_— 2 4 100 90 0.62-1.25 1.08 1.25-2.50 1.87 
2 4 100 120 0.62-1.25 0.93 2.50 2.50 
dacSW2) 3 6 100 120 1.25-2.50 1.66 1.25-5.00 2.80 


—_ 


SWi-— 10 1 minutes shortwave treatment to both eyes, started 50 minutes after injection. 
SW2-—-15 minutes shortwave treatment to both eyes, started 50 minutes after injection. 
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TABLE 3 


AQUEOUS CONCENTRATION FOLLOWING SYSTEMIC ADMINISTRATION. MAGNAMYCIN 
AS THE HYDROCHLORIDE--INTRAVENOUS INJECTION 


Time Inter- Aqueous Plasma 
val between 
Experi- No. No. of Dose Injection and Concen- Concen- Concen- Concen- 
ment Animals Eyes (mg./kg.) Removal of tration tration tration tration 
Aqueous Range \verage Range \verage 
(minutes) (we. cc.) (ee. /cc.) (mg cc.) (uu. 
3 6 25 45 0.62-2.50 1.37 2.50- 5.0 1.5 
2 2 4 25 45 
4 6 50 as 
4 ; 6 50 45 0.62-5.00 1.98 5.0 -10.0 7.5 
5 2 4 100 
6 2 4 100 45 1.25-5.00 2.91 5.0 -20.0 12.5 
7 2 4 100 
200 45 2.50-5.00 3.54 10.0-20.0 16.6 


tion of Magnamycin into the aqueous. 

In all experiments where Magnamycin 
was administered intravenously, the aque- 
ous was removed 45 minutes after the 
injection. 

The average aqueous concentration in 10 
eyes after an intravenous injection of 25 
mg. Magnamycin per kg. body weight was 
1.37 wg. per ml., and after a dose of 50 mg. 
per kg. body weight the average concentra- 
tion in 12 eyes was 1.98 yg. per ml. When 
100 mg. per kg were injected, the average 
aqueous concentration in 12 eyes was found 
to be 2.91 yg. per ml., and after an intra- 
venous dose of 200 mg. Magne ...* the 
average aqueous concentration m six eyes 
was 3.54 ug. per ml. 

Generally, when aqueous concentrations 
were expressed as a percentage of corre- 
sponding plasma concentrations, higher 
relative aqueous levels were found after 
intramuscular than after intravenous ad- 
ministration, under the experimental condi- 
tions involved. 


3. MAGNAMYCIN-—-SUBCON JUNCTIVAL 
INJECTION OF THE HYDROCHLORIDE 


In 52 animals (104 eyes) the Magna- 
mycin concentration in the aqueous was de- 
termined after subconjunctival injection of 
the hydrochloride salt. Table 4 shows the 


results obtained under varying experimental 
conditions. 
Subconjunctival 
Magnamycin in a volume of 0.25 ml. saline 
produces in the rabbit severe irritation of 
occasionally 


injection of 5O mg. 


the conjunctiva’ which = is 
followed by local necrosis and marginal 
corneal opacity. At a dosage of 10 mg., 
20 mg., or 25 mg., the inflammatory reaction 
is less pronounced. It is mild and transient 
at a dosage of five mg. 

The addition of five to 10 TR units of 
hyaluronidase to the injection fluid reduced 
the inflammatory reaction and also led to in- 
creased bulbar penetration of the anti 
biotic. Comparative concentrations of 
Magnamycin in the aqueous were consist- 
ently higher in the 26 animals where hya- 
luronidase had been added to the injection 
fluid, 

In the rabbit a single subconjunctival in- 
jection of five mg. Magnamycin hydro 
chloride with five TR units of hyaluronidase 
in 0.2 ml. of saline produced good thera- 
peutic levels of the antibiotic in the aqueous, 
lasting up to four hours after injection. 


4. MAGNAMYCIN-—-ADMINISTRATION 
BY IONTOPHORESIS 
Levels of Magnamycin in the aqueous 
were determined on a total of 234 eyes, the 


EEE 
4 
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TABLE 4 
AQUEOUS CONCENTRATIONS FOLLOWING SUBCONJUNCTIVAL INJECTIONS 


(Magnamycin) 


Hyalu- 
Experi- No. No. of ronidase 
ment Animals Eyes (mg.) (Dose 
TRU) j 

Z 6 12 5 

x 2 4 5 5 
Ba 2 4 5 5 
&b 2 4 5 5 
9 2 4 5 5 
94 4 5 5 
4 5 5 
9c 2 4 5 5 
9d 2 4 5 5 
6 12 10 

7 2 4 10 5 
5 4 20 

7a 2 4 20 5 
; 5 10 25 

6 ; 6 25 10 
4 5 10 50 

Oa 3 6 50 10 


aqueous being removed five minutes after 
iontophoresis or corneal bath. Prior to the 
paracentesis the eyes were thoroughly 
washed with sterile saline. The Magnamycin 
applied during the iontophoresis was dis- 
solved in saline, since in preliminary experi- 
ments Magnamycin dissolved in distilled 
water produced severe corneal opacity. It 
was likewise found in preliminary experi- 
ments that anode iontophoresis yielded 
higher aqueous concentrations than cathode 
iontophoresis. 

Solutions containing the hydrochloride 
and the sulfate salt of the antibiotic were 
also investigated for their penetration prop- 
erties. Three different concentrations (20 
mg. per ml., 10 mg. per ml., and 5.0 mg. per 
ml.) were used with both the sulfate and 
the hydrochloride salt. Further variables 
were introduced by the use of four differ- 
ent amperages (1.5, 2.5, 5.0, and 10.0 milli- 
amperes), the period of time during which 
the iontophoresis was applied (for five and 


Time Inter- Aqueous 


Fluid val between 
Volume — Injection and Concen- Concen- 
(saline Removal of tration tration 
nj. mil.) Aqueous Range \verage 
(minutes) ./Cc.) (eg. /CC.) 
0.2 2.5 -10.0 5.6 
0.2 50 -10.0 
0.2 120 (2 hr.) 5.0 -10.0 iP 
0.2 240 (4 hr.) aie 5.0 4. 
().2 120 (2 hr.) 5.0 -10.0 sf 
0.2 240 (4 hr.) 2.$ — 5.0 
0.2 360 (6 hr.) 0.62- 1.25 0 
0.2 720 (12 he.) <0.31 <0. 
0 2 1018 (18 hr.) <0.41 <0 
0.2 5.0 -20.0 11. 
0.25 10.0 -20.0 12. 
0.2 Oo) 10.0 -20.0 10.5 
0.25 90 20.0 -40.0 25 
).2 90 10.0 -40.0 18.0 
0.25 90 20.0 -40.0 26.6 
0.25 0) 20.0 -80.0 42.0 
0.25 20.0 -80.0 50.0 


10 minutes), and in some experiments, the 
addition of hyaluronidase to the solutions. 

The Magnamycin iontophoresis was very 
well tolerated. Even a solution containing 
20 mg. of the antibiotic per ml. of saline, 
applied at 10 ma. for 10 minutes did not 
produce gross corneal opacity. The results 
obtained under all these variables are pre 
sented in Table 5. 

Generally, the addition of hyaluronidase 
to the solutions leading to a concentration 
of five TR units per mi. increased. the 
aqueous concentrations of Magnamycin only 
slightly. 

On one occasion the Magnamycin con- 
centration was found to be less after the 
enzyme had been added to the test solution. 

A solution containing 10 mg. Magnamycin 
hydrochloride or sulfate, applied for five 
minutes at 2.5 ma. produced therapeutic 
levels well above those necessary to inhibit 
most strains of the gram-positive organisms. 

No clear-cut difference was found in the 
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TABLE § 
AQUEOUS CONCENTRATIONS FOLLOWING IONTOPHORESIS AND CORNEAL BATH 


Magnamy 


10 
rin in No No 
(meg. cc.) (poe. ct.) 
20 i 6 
‘ 2.30 
es 10 6 2.0 6 4 
& 2 1.87 
ES | 4 25.00 
Pets 2.80 
‘ 2 1.25 2 
sa& Wy ‘ 18 
‘ Z 1.25 
3 ‘ 2 2.530 
10 6 6 13.” 
10 & Wy i 4 20.00 
E 2 1.25 
‘ 2 1.25 Z 
1.25 
tontophoresis 
« ~corneal bath (control) 
Ma — Milliamperes 
Time—’ (minutes) 
Wy —Wydase 
penetration properties of the two Mag- 


namycin salts. 
Corresponding aqueous concentration 

after bath 

generally less than 10 percent of those ob 


tained after iontophoresis. 


levels obtained corneal were 


TREATMENT OF INTRAOCULAR INFECTIONS 
WITH MAGNAMYCIN 


In a group of experiments intraocular 
staphylococcal infection was produced on a 
total of 48 rabbits with the technique re- 
ferred to above. Of these animals, 39 re 
ceived treatment with Magnamycin, admin- 
istered by various routes, while nine were 
left untreated serving as controls. All con 
trol eyes were lost within a period of five 


days. 


[EXPERIMENTAL PROCEDURE 


1. Topical administration. In five animals 
Magnamycin was applied topically. Treat- 
ment was started 30 minutes after the inocu- 
lation, and consisted of four successive ad- 
ministrations of ophthalmic ointment con- 
taining the antibiotic as the base. The oint- 


0.62 2 <0.62 
6 $7 4 4.37 
0.62 2 <0.62 
62 Z 62 
5.42 4.16 
4.16 1.8) 6 1.86 1“ 
<0.62 2 <0.62 


ment was applied into the lower conjunctival 
sac, the interval between treatments beimg 
15 minutes. 

2. Intramuscular administration 
ment in five animals was started four hours 


Treat- 


after infection and consisted of two daily 
injections of 100 mg. Magnamycin as the 
sulfate per kg. body weight for two days. 

3. Subconjunctival injection. In this ex- 
periment treatment consisted of two succes- 
sive subconjunctival injections of 5.0 mg. 
Magnamycin hydrochloride and five TR 
units of hyaluronidase in a volume of 0.25 


ml. saline. The interval between the two 
injections was six hours. 
This treatment was initiated: 
2 hours after infection in 3 animals 
4 hours after infection in 3 animals 
6 hours after infection in 4 animals 
12 hours after infection in 5 animals 
18 hours after infection in 5 animals 


4. Administration by iontophoresis. Treat- 
ment with a solution containing 10 mg. 
Magnamycin as the hydrochloride per mi. 
of saline was started 30 minutes after infec 
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TABLE 6 
MAGNAMYCIN 
TREATMENT OF EXPERIMENTAL INTRAOCULAR INFECTIONS 
(Staphylococcus aureus Peoria) 


an Number of Eyes Results oe. 
Treatment Magnamycin Excellent No Effect 
Ophthalmic ointment 10 0 1 9 
Intramuscular injection 10 0 6 4 
Subconjunctival injection — 
First treatment after infection: 
(hours) 
2 6 4 
4 6 4 2 I 
6 tal 3 ; 2 
12 10 0 6 4 
18 10 0 2 x 
lontophoresis 
(Ma.) (Min.) 
10 10 6 4 1 1 
2.5 10 6 4 1 1 
2.5 5 6 2 


See text for experimental procedure and interpretation of results. 


tion—on three animals a current of 10.0ma. intramuscular and intravenous injection, 
was applied for 10 minutes; on three ani- after subconjunctival injection, and after 
mals a current of 2.5 ma. was applied for administration by iontophoresis or corneal 
five minutes; on three animals a current of _ bath. 


2.5 ma, was applied for 10 minutes. When ophthalmic ointment containing 
Magnamycin as the hydrochloride was used, 
RESULTS the antibiotic was found to penetrate into 


The results obtained are listed in Table 6 the aqueous, whereas no measurable penetra- 
and were expressed under similar headings tion occurred after the use of ophthalmic 
as those used by Locke."* Under the head- ointment containing Magnamycin as_ the 
ing, “Excellent Results,” are therefore listed base. 
those eyes, which by the fifth day after When administered by the intramuscular 
inoculation did not show signs of active route, the penetration of Magnamycin into 
intraocular inflammation. “Intermediate Re- the aqueous was found to be increased after 
sults” were obtained on eyes responding to the eyes had been subjected to shortwave 
treatment to a lesser degree, and eyes listed treatment. When aqueous concentrations 
under the heading “No Effect” had devel- were expressed as a percentage of corre- 
oped severe suppurative endophthalmitis by sponding plasma concentrations, higher rela- 


the fifth day after infection. tive aqueous levels were found after intra- 
muscular than after intravenous adminis- 

SUM MARY tration. 
The penetration of Magnamycin into the Subconjunctival injection of Magnamycin 


aqueous humor of rabbits was studied. as the hydrochloride produced high aqueous 
Aqueous concentrations of the antibiotic concentrations, but caused considerable local 
were determined after topical administration irritation. The addition of hyaluronidase re- 
of two different ophthalmic ointments, after duced the inflammatory reaction and also 
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led to increased bulbar penetration of the 
antibiotic. 

lontophoresis led to high concentrations 
of Magnamycin in the aqueous. It was well 
tolerated when saline solutions of Mag- 
namycin were used, but Magnamycin dis- 
solved in distilled water produced severe 
corneal Anode 


opacities. iontophoresis 


yielded higher aqueous concentrations than 
cathode 1ontophoresis. 

In a number of experiments Magnamycin 
has proved effective in the treatment of 
staphylococcal intraocular infections. 


Department of Ophthalmology, 
University of Toronto. 
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GROWTH OF CORNEA IN TISSUE CULTURE* 


Ann M. C. Fow re, Px.D., Hucn L. Ormspy, M.D. 


Toronto, Ontario 


Tissue culture methods have been used 
extensively as a substitute for living ani- 
mals in the isolation and cultivation of 
viruses. In this study human corneal and 
conjunctival tissues have been grown in 
tissue culture and are to be used in an at- 
tempt to cultivate viruses, such as those of 
epidemic keratoconjunctivitis, superficial 
punctate keratitis, inclusion conjunctivitis, 
and trachoma. Thygeson (1939) reported 
the successful growth of human corneal and 
conjunctival epithelium and the subculture 
of fibroblasts. 

The following report contains only the 
results of the work with cornea and is a 
description of the various changes that were 
made in the physical conditions and chemical 
composition of the medium in order to im- 
prove conditions for the growth and sub- 
culture of corneal epithelium and fibro- 
blasts. Although monkey cornea was used 
for the basic study, most of the findings 
proved applicable to human cornea. 


MATERIALS AND Metnops 


Cornea. Human cornea was obtained 
chiefly from cadavers at the time of autopsy, 
but also from eyes enucleated in the operat- 
ing room and from embryos. Monkey cornea 
was made available to us in large quantity 
from the Connaught Medical Research 
Laboratories, Toronto. 

Tissue culture techniques. Two types of 
culture flasks were used: roller tubes and 
Carrel D 3.5 flasks. The roller-tube tech- 
nique consisted of implanting the tissue in 
a thin clot of chicken plasma and chick- 
embryo extract covering the inside of a test 
tube. After a period of five to 10 min., 2.0 


*From the Department of Ophthalmology and 
the Connaught Medical Research Laboratories 


(Virus Division), University of Toronto. | 
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ml. of fluid medium was added and the 
tubes were rotated in a horizontal position. 
The Carrel D 3.5 flasks were used either 
with or without a plasma clot and with 1.0 
to 2.0 ml. of fluid medium. All cultures 
were incubated at 37°C. 


RESULTS 
MONKEY CORNEA 


1. Physical conditions 

a. Epithelium 

i. Size of tissue implanted. Various sizes 
and depths of corneal cuttings and discs were 
taken to determine the optimum method of 
preparing the tissue for the growth of epi- 
thelium. It was found that from cuttings of 
cornea that were chopped with scissors into 
small pieces, only very small epithelial sheets, 
measuring one to two mm. in diameter, 
could be grown. Moreover, only about 20 
percent of the pieces produced epithelium. 
When an attempt was made to reduce the 
chopped cornea to single cells and cell-aggre- 
gates by digestion with the enzyme trypsin, 
it was found that instead of the pieces break- 
ing up, they imbibed water, became very 
gelatinous in nature, and stuck one to 
another in a large viscous mass which could 
not be implanted. 

Successful growth of corneal epithelium 
was obtained with large corneal cuttings col- 
lected by the method of Eastcott et al., 
1954. The results showed that the larger the 
cutting, the better the growth. New growth 
of epithelium was first visible after 24 hours’ 
incubation and reached a maximum size in 
three to four days if the outgrowth was 
poor, or seven to 10 days when growth was 
very good. From pieces having a diameter 
of eight mm., the epithelium extended be- 
tween seven and 12 mm. outward from the 
edge of the tissue and surrounded the im- 
plant in a continuous sheet. 


Fuil-thickness or penetrating dises taken 
w:th a trephine did not grow as well as 
extremely thin cuttings taken with a scalpel 
or Graefe knife. Epithelium alone, with no 
supporting substantia propria, grew poorly. 
If the cuttings were implanted epithelial 
side down, there was no growth, and if the 
epithelium was damaged or scraped off, 
there was no growth from the denuded area. 
These are probably the reasons why chopped 
cornea grew poorly, for, during chopping, 
the epithelial layer may be scraped off some 
of the pieces and others may be implanted 
epithelial side down. 

The preferred technique, therefore, is to 
use large thin corneal cuttings with an m- 
tact epithelial surface implanted up. This 
finding in regard to the size of the implant ts 
in contrast to most other tissues which have 
been grown in tissue culture. The fact that 
cornea is a nonvascular tissue probably 
makes it possible to use such large pieces 
without damage by anoxia of the central 
cells. 

ii. Depth of plasma clot. Various depths 
of plasma clot were tried. When corneal 
cuttings were implanted in a deep clot, there 
was little or no epithelial growth, as Thy 
geson (1939) had shown. The cells seemed 
to pile up around the edge of the tissue in- 
stead of spreading out in a sheet as they 
did when a very shallow clot was used. The 
shallow clot was to a large extent digested 
by the cells. 

When the corneal cuttings were attached 
to the center of the flasks with small drop- 
like plasma clots the same size as the cut- 
tings, it was found that the outgrowth was 
usually a little more irregular than with 
the large shallow clot, and, on the average, 
growth was slightly less. However, the cells 
themselves were far clearer for microscopic 
examination and for staining. If a small 
drop of specially purified agar ( Dulbecco 
and Vogt, 1954) was used instead of plasma 
to hold the tissue in place, there was a 
marked reduction in amount of growth. 
Therefore, the plasma clot was probably 
contributing essential nutrients as well as 
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serving to hold the tissue im place. 

The best technique for encouraging ept- 
thelial growth & to use a shallow clot cover- 
ing the bottom of the Carrel flask or in 
side of the roller tube. However, if the cells 
themselves are to be examined critically or 
are to be stained, the small droplike clot 
should be used. 


b. Fibroblasts 


It was found that fibroblasts grew readily 
from the propria of cornea 
whether the implanted tissue was chopped 
or in large cuttings, but they took a long 
time to appear. This time varied greatly 
and was related to the amount of epithelial 
growth. When epithelial growth was small, 
they appeared in three or four days, but 
when the epithelial growth was extensive, the 
fibroblasts often\ did not appear for seven 
to 10 days. The fibroblasts pushed the epi- 
thelial sheet out and formed a solid mass of 


substantia 


cells close to the original implant. Then 
either the fibroblasts stopped growing and 
both cell types disintegrated, or the fibro- 
blasts overgrew the epithelium, which later 
disintegrated, leaving a pure culture of fibro- 
blasts. 


c. Subcultures of epithelium and fibro- 
blasts 


It was found that pure cultures of the 
two kinds of cells could be obtained by the 
following method. A corneal cutting was 
cultured long enough to permit proliferation 
of the epithelium. Just before the fibroblasts 
appeared the original cutting was lifted out 
leaving a pure culture of epithelium sur- 
rounding the site of the cutting. The original 
cutting was transplanted into another flask, 
where, in three or four weeks, fibroblasts 
from it overgrew the entire bottom of the 
flask. To subculture these fibroblasts, the 
original cutting was first lifted out and 
then the layer of fibroblasts was scraped out 
with a spatula in what looked like stringy 
wisps. These could either be teased apart 
or cut into pieces and implanted in new 
flasks. 
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The: original flask with the epithelium 
ceased to proliferate once the corneal cutting 
was removed, The epithelial sheet remained 
intact, however, for a period of up to a 
month (34 days being the longest time 
recorded) and then disintegrated, the cells 
pulling apart and finally rounding up. At- 
tempts to subculture the epithelial sheets in 
the same way as the fibroblasts were not 
successful. Recently the enzyme trypsin has 
been used to break up the large sheets, and 
epithelial cells have now been successfully 
transplanted and maintained through three 
subsequent passages. 


2. Chemical composition of the medium 
a. Synthetic media 


Synthetic medium No. 199 (Parker, 
1950) was tried, but proved to be inade- 
quate for the growth of both epithelial cells 
and fibroblasts. Synthetic medium No. 703 
(Healey et al., 1954) has not as yet been 
tried. When the oxidation-reduction poten- 
tial of medium No. 199 was adjusted by 
increasing the amount of glutathione, cys- 
teine hydrochloride, and ascorbic acid, as in 
synthetic medium No. 703, no better growth 
resulted. 


b. Semisynthetic media 


Semisynthetic media were tested and it 
was found that by adding a small amount of 
horse serum (final concentration, two per- 
cent) and chick-embryo extract (final con- 
centration, 0.5 percent) to synthetic medium 
No. 199, a good medium for growing and 
subculturing fibroblasts was obtained, but 
this medium was only fair for growing 
epithelium. Other modifications were also 
tried. Aqueous humor from cow’s eyes was 
added to medium No, 199 in various 
amounts and it was found that 20-percent 
aqueous humor was equally as good as two- 
percent horse serum. When the chick-em- 
bryo extract was replaced with a corneal 
extract made from eyes of cow embryos, 
no observable improvement in growth re- 


sulted. In the case of epithelium, it was 
found that increasing the amount of aspartic 
acid (Parshley and Simms, 1946) in syn- 
thetic medium No. 199 from 60 mg. to 150 
mg. per 1,000 ml., increased the amount of 
outgrowth and maintained it in good con- 
dition for a longer time. 


c. Natural media 


None of the semisynthetic media which 
were used gave as good growth of epithe- 
lium as natural media. The natural medium 
giving best growth consisted of 30-percent 
horse serum and five-percent chick-embryo 
extract in Earle’s salt solution. Unfortu- 
nately this medium soon imparted a cloudi- 
ness to the plasma clot and the cells them- 
selves became very granular. It was found, 
though, that once a good growth was estab- 
lished, a change could be made to the semi- 
synthetic medium containing two-percent 
horse serum, and the clot and cells soon 
became clear. As far as could be determined, 
this semisynthetic medium with the high 
concentration of aspartic acid maintained 
epithelium as long as did the natural 
medium and in a far better condition for 
observation. For transplanting epithelium, 
the natural medium was again found to be 
better for encouraging growth. 

Beef aqueous humor alone was found to 
be a poor medium. When horse serum and 
chick-embryo extract were added to it in 
varying amounts, there was some improve- 
ment, but this was not very great. 


d. Hydrogen-ion concentration 


The effect of pH on growth was also 
investigated, Synthetic medium No. 199 has 
a high pH of 7.6 to 7.8, whereas the com- 
plex medium has a lower pH of 7.2 to 7A. 
To test for the effect of pH on growth, cul- 
tures were set up in a range of pH which 
varied from 7.0 to 7.8. The range was ob- 
tained by gassing the semisynthetic medium 
with the standard gas mixture of eight- 
percent carbon dioxide, 21-percent oxygen, 
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and 7l-percent nitrogen. It was found that 
the corneal cells were very insensitive to 
alkaline conditions but were sensitive to acid, 
so that when the pH dropped below 7.0 as a 
result of there 
effect on the cells. Therefore, as a standard 
procedure, the cultures were started with a 
high pH to allow for this drop. The fluid 
medium was changed twice a week, 


metabolism, was a visible 


HiUMAN CORNEA 


Most of the findings with monkey cornea 
were readily confirmed with human cornea. 
had 
to be taken into account in the case of hu- 
The monkeys had all been 
immediately 


However, a number of other variables 
man tissue, 
healthy juvenile animals, and 
after death the cuttings were taken in phos- 
phate-buffered saline (Dulbecco and Vogt, 
1954), and the cultures were set up shortly 
thereafter. With the human tissue, a num- 
ber of uncontrollable wariables were en- 
countered: such as the cause of death, the 
age of the individual, the number of hours 
between death and removal of the tissue, 
and the number of hours the tissue was 
stored before setting up the culture. All 
these factors were recorded for each culture 
and later the results were analyzed with 


these variables in mind. A few examples of 


the results obtained from cultures set up 
from 63 individuals are given in Table 1, 


1. Epithelium 

Table 1 shows that there 
variation in amount of epithelial growth. As 
far as could be determined, the most im- 
portant variable affecting the growth of epi- 
thelium was the age of the individual, con 
trary to the finding of Thygeson (1939), 
Tissue taken from young children or bahies 
grew much better than that from adults. The 
time to the post mortem did not affect the 
fair 
thelial growth was obtamed from cuttings 
taken 20 hours after death. 
growth was obtained with tissue taken eight 
hours after death. The 
storage of the tissue in phosphate-buffered 


was a very great 


growth very much. For example, 


However, best 


or less 


length of 
saline was not critical within 24 hours, as 
Thygeson (1939) reported, 
from the table, excellent growth was ob- 
tained after storage of cornea for 24 hours 
at 4°C. The cause of death was only an im- 
portant factor when the final stages were 
and then the epithelial growth 


As can be seen 


prolonged, 


was not very good. However, tissue taken 
from three individuals who died of cancer 
grew very well. 


No human epithelium has yet been trans- 


TABLE 1 
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Age of Hours to = ae 
individual Autopsy! 
2 yr. . 
1 day 13 ? 

2 mo. 3 4 
10 mo. 20 54 
69 yr. 94 
55 yr. 3 4 


' Corneal cuttings were taken during autopsy. 
**** excellent growth, covering entire bottom of Carrel flask. 
*** 900d growth, 8 to 10 mm. from edge of tissue. 
**.fair growth, 3 to 4 mm. from edge of tissue. 
*..poor growth, | to 2 mm. from edge of tissue. 
growth in 10 days. 


Epithelium Fibroblasts 
Time Time to 
Amount Growth First 
of Growth Started Subculture 
(days) (days) 
14 19 
9 19 
** 
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planted, since the successful technique with 
monkey cornea has not yet been applied to 
the human. This method of transplantation 
will probably be successful, and it is antici- 
pated that strains of epithelial cells will be 
maintained in tissue culture indefinitely. 


2. Fibroblasts 


Fibroblasts grew readily, but the time of 
appearance varied greatly. It can be seen 
from Table 1 that the better the epithelial 
growth, the longer it took the fibroblasts to 
appear. In one case the time was 22 days. 
The fibroblasts overgrew the bottom of the 
flask in an average of 18 days after they 
started to grow, and were transplanted at 
that time. A number of strains of fibroblasts 
are now being maintained in roller tubes 
and Carrel flasks. 


SUM MARY 


1. The best epithelial growth from both 
human and monkey cornea was obtained us- 
ing large thin corneal cuttings with an intact 
epithelial surface implanted up on a very 
shallow plasma clot and covered with a fluid 
medium composed of 30-percent horse 
serum and 5.0-percent chick-embryo extract 
in Earle’s salt solution. 

2. Human corneal epithelium grew 
quickly but there was a great variation in 
amount of outgrowth. In general, the best 
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growth was obtained using tissue from 
babies or young children taken as soon after 
death as possible. 

3. Pure cultures of corneal epithelium 
were obtained by removing the original ex- 
plant of tissue before fibroblasts appeared. 

4. Monkey corneal epithelium was sub- 
cultured using the enzyme trypsin to break 
up the original sheet when maximum 
growth was reached. 

5. Good growth of fibroblasts was ob- 
tained from human and monkey cornea 
using either chopped or whole cuttings of 
cornea, implanted in a shallow plasma clot, 
and covered with a fluid medium composed 
of two-percent horse serum and 0.5-percent 
chick-embryo extract in synthetic medium 
No, 199. 

6. Corneal fibroblasts grew slowly, taking 
from three to 22 days to appear, and from 
three to four weeks to overgrow the bottom 
of a Carrel D 3.5 flask. 

7. Human and monkey fibroblasts were 
easily subcultured by scraping out the cells 
and clot and implanting small pieces in new 
flasks. 
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BUSINESS SESSION 


CHAIRMAN McDonatp: We will now hold the 
annual business meeting of the Association for 
Research in Ophthalmology. 

We are sorry that there was some confusion in 
our plans, and that the dinner which was originally 
scheduled for tonight had to be held on Tuesday 
evening before some of you had arrived. The 
dinner was small in number but very select, and 
I think you should know, if you have not seen it 
im the papers, that Dr. David Cogan was given the 
Proctor Medal for this year. 

There were two other presentations, that are not 
listed on the agenda, which I would like to tell you 
about. One was a silver platter given by the asso- 
ciation to Dr. Brittain F. Payne for his many years 
as secretary and later as trustee. 

The trustees themselves got together and pre- 
sented this gavel to the association. We have never 
had a gavel of our own, and this was given to the 
association in recognition of the many years of 
service that Dr. James H. Allen has given as secre- 
tary-treasurer. 

As you know, our attendance has increased and 
our membership has doubled during Dr. Allen's 
tenure in office. 

We will now have the report of the secretary- 
treasurer, Dr. Allen. 

De. Atten: (Dr. Allen read the attached sum- 
mary of the financial status of the organization. 
[See pages 249-252 | 

At this time I would like to commend the work 
of the assistant secretary and the secretaries of the 
various sections. The sections have improved in 
their activities, and many of the their programs 
are now excellent and would serve as very fine 
programs for the national meeting. 

The development in ophthalmic research around 
the country is becoming manifest by the number of 
papers being presented both at the sectional meet- 
ings and at the national meeting. It is very en- 
couraging. 

I would like to emphasize that membership in 


the Association for Research in Ophthalmology 1s 
not limited to physicians, but is open to anyone 
mterested in research m ophthalmology or any 
aspect of vision and visual function. 

CHAIRMAN McDownatp: Are there any questions 
concerning this report? If not, the report will be 
accepted. 

We will now hear the report of the auditing 
committee by Dr. Hughes. 

De. Hucues: A complete audit was made by 
B. B. Woolley & Company in New Orleans, a 
certified public accountant organization, and Dr. 
Paul W. Miles and I looked over the report and 
found everything in order 

CHAIRMAN McDonatp: Thank you, Dr. Hughes. 
Are there any questions concerning this report? If 
not, it will be accepted. 

Before giving the report of the nominating com- 
mittee, | would like to say that the trustees of this 
association are elected for a period of six years. 
In your senior year you act as chairman of the 
section. Like soldiers, you do not die—you just 
fade away. So, every year, we elect one trustee to 
the organization. 

This year the nominating committee, composed of 
Dr. MeGavic, Dr. Leopold, and Dr. Scheie, have 
nominated Dr. James H. Allen as trustee and Dr 
Lorand V. Johnson as secretary-treasurer. 

Do I hear any nomination from the floor? If not, 
the chair will entertain a motion that these men be 
elected to the office for which the nominating 
committee has recommended them. May I hear such 
a motion? 

De. CoGaAn: I so move. 

De. Brecner: | second the motion 

(The motion was put to a vote and was carried 
unanimously. ) 

CHAmMAN McDonatp: The chair declares them 
elected. 

Is there any further business to come before the 
association? If not, | declare the executive session 
closed. 


248 


AUDITORS’ REPORT 
ASSOCIATION FOR RESEARCH IN OPHTHALMOLOGY, INC, 


To the Members of the Board of Trustees 
Association for Research in Ophthalmology, Inc 
New Orleans, Louisiana 


Gentlemen : 
Score or EXAMINATION 

We have examined the cash basis accounts of the secretary-treasurer of the Association for Research 
in Ophthalmology, Inc., as of December 31, 1953, and the recorded transactions for the year then ended 
Our examination was made in accordance with generally accepted auditing standards applicable to cash 
basis accounting and accordingly included such tests of the accounting records and other such auditing 
procedures as we considered necessary in the circumstances, except that we did not confirm unpaid dues 
directly with members. 

History 

The Association was incorporated on July 20, 1936, under the laws of the state of New York. However, 
it had been an unincorporated group for some years earlier, operating under a constitution and related by 
laws, which were embodied in the certificate of incorporation. The corporation has no shareholders and is 
exempt from federal, state, and local taxes. However, it is required to file a federal information return 
reporting the source and disposition of income annually. 


COM MENTS 

At the meeting of the board of trustees in Tune, 1952, the board directed that the $250.00 annual interest 
income from the Proctor Medal Fund be deposited henceforth in the general fund and that the cost of the 
annual Proctor medal be paid out of the general fund 

According to information given us orally by the secretary-treasurer, it is the intention of the board of 
trustees, governing body of the association, to retain members whose dues are delinquent until the board 
itself orders that they be dropped for non-payment. The constitutional provision remains unchanged which 
provides that new members, upon being approved by the admissions committee and the board of trustees, 
must pay dues for the first year to attain membership. 

At its meeting in May, 1953, the board of trustees directed that members whose dues were in arrears be 
notified and that if payment was not then forthcoming they be dropped from the rolls 

We did not verify by direct communication with members the dues which were delinquent. According to 
the records of the association, the entries therein showed 176 delinquencies as of December 31, 1953. If 
any members carried as delinquent had paid before that date and the payments had been lost in the mails 
hefore recordation, our examination might not have detected the omission. 

All individual membership cards were examined and listed by us and their totals by classes of member- 
ship related to the recorded cash receipts for the period. 

We found the records well kept. A number of improvements were inaugurated during the year as per 
our recommendations at the close of the preceding examination of accounts by us. 


CERTIFICATE 
In our opinion, subject to the limitation that we did not confirm dues in arrears directly with members, 
the accompanying statements present fairly the fund balances of the Association for Research im Oph 
thalmology, Incorporated, as of December 31, 1953, and the receipts and disbursements for the year then 
ended, based on the recorded cash transactions. The statements conform to generally accepted cash basis 
accounting principles applied on a basis consistent with that of the preceding year. We do not feel that 
the exception referred to above is sufficiently important to negate this opinion. 


Very truly yours, 
B. B. Woottey & Co, 

New Orleans, Louisiana, 

June 21, 1954. 
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250 ASSOCIATION FOR RESEARCH IN OPHTHALMOLOGY, INC 
CASH AND Secusiries in FuNvs 
December 31, 1953 
(,;ENERAL PROCTOR 
Mepat Funp Toran 

Cash: 


Securities: 


Treneury Bonds’ .............: 10,184.63 10,184.63 


$1,623.95 $10,200.00 $11,823.95 


*At cost-—21%—due 1967-72. At December 31, 1953, coupons amounting to $250.00, matured in 1953, 
were affixed to the bonds, which were examined by auditors 


STATEMENT OF CasHu AND 


Year Ended December 31, 1953 


GENERAL PRocror 
FUND Mepat Funp 
Cash Balance January 1, 1953 ..... | .. $1,973.52 $15.37 
Rei eipts 
Prior years’ dues: 
52 Active members @ $5.00 each .............. .... $260.00 
18 Educational members @ $2.00 each . 
2 Sustaining members @ $25.00 each ................. 50.00 46.00 
1955 Dues — 1 active@member 500 
1956 Dues—1 active member ...... 5.00 
Banquet proceeds ......... 450.00 
Bond interest (1952 interest deposed tank in 1953) . 250.00 
6,269.52 15.37 
Deduct——Dishursements: 
Convention expenses 
Expenses of Secretary-Treasurer ........... 3 250.00 
Publication—American Journal of Ophthalmology 1,000.00 
Stationery, supplies and printing ....... | | 478.69 
Insurance—$5,000.00 position tend Secretary-Treasurer .. 25.00 
Salaries—@roes ... 650.00 
Less withholding and FICA taxes withheld . 


$10.25 
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Withholding and FICA taxes paid 
Proctor Medals .. | | 
tank charges 

Contributions . 


Ts ital I hsbursements 


Cash Balance December 31, 1953 (all deposited in bank ) 


’ Proctor medals for 1952 and 1953 are included in this amount. 


(sENERAL 
FUND 
138.00 
‘203 
2.37 
*575.00 


18.95 
4,660.94 


$1. 608.58 


25! 


PRocror 
Mepat 


$15.37 


* Includes $400.00 to National Committee for Research in Eye Diseases and Disabilities: Board 


authorized $500.00 


(MANGES IN MeEMPERSHTP AND ReCONCILIATION witn Durs 


Year Ended December 31, 1953 


Changes Membership rive. Lire 


Membership—January 1, 1953 I 


Add: 
Elected for 1953 membership at October, 
1952, meeting of Loard of Trustees 
Elected for 1953 membership at June, 1953, 
meeting of Board of Trustees . 


Deduct ; 
Deceased in 1953 ...... 


Changes in Classes of Memberships: 
From active to sustainmeg 
From sustaining to active 
From educational to active .... 
From educational to sustaining 
From active to honorary .. 


Membership December 31, 1953 ........ 


with Dues Paid: 


Dues Paid in 1952 for 1953 
Dues Paid in 1953 for 1953: 
Inactive, life and honorary-waived ...... I ] 
Educational @ $2.00 each ....... $ 6.00 
Active @ $5.00 each ............ 2310.00 
Sustaining @ $25.00 each ....... 850.00 


Hlon Fpuca 
ORMARY TIONAL Active 


12 R7 538 
2 5 
14 15 
0) 16 
| 2 
0 
(7) 
9 
(21) 21 
(2) 
(1) 
] (23) 22 
12 587 
12 
w 
462 
12 463 


Sts 
rAintine ‘Toral 
672 
17 
29 
w 
| 4 
| 
5 
7 
(9) 
2 
42 7134 
14 
41 


| 
$3,220 00 
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INAC- Hon- Epuca- Sus- 
Add: TIVE. Live ORARY TIONAL ACTIVE TAINING TOTAL 
Unpaid memberships Vecember 31, 1953 ... —-)- 50 126 176 
Less: 
One active member who resigned in 1953 but 
One sustaining member who died in 1953 but 
Lnaccounted for difference ........ l l 2 


l l 12 80) 587 32 713 


SUMMARY OF MeMBpeRSHIP BY YEARS 
To December 31, 1953 


Years Years 
ended Total Iended Total 
December 31 Members lecember 31 Members 
1953 1713 194) 279 
1952 1672 1940 270 
1951 2556 1939 268 
1950 2509 1938 272 
1949 2474 1937 249 
1048 422 1936 240 
1947 306 1935 245 
1946 324 1934 25 
1945 1933 219 
1944 1932 203 
1943 1931 193 
1942 281 1930 1M 


‘Represents official membership, whether dues were paid or unpaid for current and prior years. 
* Includes only members whose dues were paid in full to date. 
* Not available, due to wartime dislocation. 
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OFFICERS 
1954 


Association for Research in Ophthalmology, Ine. 


P. Robb McDonald, Chairman ..... 


Wilham F. Hughes, Ir. 
William B. Clark ........ 


Michael |. Hogan 
Hunter H. Romaine 


lames H. Allen 


Lorand V. Johnson. 


EASTERN SECTION 
Irving H. Leopold 


AST CENTRAL SECTION 
V. Everett Kinsey 


MIDWESTERN SECTION 
Frank W. Newell. 


SOUTHERN SECTION 
A. Meisenbach, Ir 


WESTERN SECTION 
A. Ray Irvine 


PUBLICATIONS COMMITTEE 
lames H. Allen 
Kenneth C. Swan 
V. Everett Kinsey 
Lorand V. lohnson 


NOMINATING COMMITTEE 


John S. MeGavie 
Irving H. Leopold 
Harold G. Scheie 


( OMMITTEE ON 


TRUSTEES 
Philadelphia, Pennsylvania 
(hicago, 
New Orleans, Louisiana 
Sait Louis, Missouri 
San Francisco, California 


New York, New York 


SeCRETARY- TREASURER 
New Orleans, Louisiana 


ASSISTANT SECRETARY 
Cleveland, 


SECTION SPCRETARIES 


Philadelphia, Pennsylvania 


Detroit, Michigan 


Chicago, Ilinots 


Dallas, Texas 


Beverly Hills, California 


COMMITTEES 


Apvisory ADMISSIONS COMMITTEE? 
Derrick Vail Lorand V. Johnson 
F. H. Adler Frank W. Newell 
Moacyr Alvaro S. Rodman Irvine 
PRoGRAM COMMITTEE COMMITTEE ON Optics 
Lorand V. Tohnson AND VISUAL PHYSIOLOGY 
V. Everett Kinsey Henry Imus 
Ludwig von Sallmann Kenneth N. Ogle 


(COMMITTEE ON STUDY OF 


LOCAL ARRANGEMENTS ReTROLENTAL FIRROPLASIA 


Michael |. Hogan Leonard Christensen 


A 


MEMBERS 


Addington, Charlies H., 675 Delaware Ave., Buffalo, N.Y 
Adler, Francis H.,* 313 S. 17th St., Philadelphia, Pa. 


Abraham, Samuel V., 6365 Wilshire Bivd., Los Angeles Aiken, Samuel D., 1154 Montgomery Senta Ress, 


Calif, 
Abrahamson, Ira A., 925 Union Trust Bidg., Cincinnati, Albeugh, Clarence H., 727 W. 7th St., Los Angeles 14, 
(ohio 
Abrams, Henry, 195 Nassau St., Princeton, N Alber stadt, Norbert 1106 Daniel Bladwin Bidg 
Erie, Pa. 


See key to references on next page. 


Alexander, Robert L., Cleveland Clinic, Cleveland 6, Ohio 
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Alfane, Joseph F., 122 S. Michigan Ave., Chicago, 
Alien, Henry F., 200 Beacon St., Boston 16, Mase. 
Alien James H.,-* 1430 Tulane Ave., New Orleans 12, 


A. 

Allen, Lee,* Univ. Hosp., lowa City, lowa. 

Allen, Merrili J., Div. of Optometry, Ind. Univ., Bloom 
ington, Ind. 

Allen, Robert Ind. 
Ind. 

Alles, Thomas D., 2329 Pioneer Evanston, IL 

Alvaro, Moacyr E., 1151 Rua Consolacoa, Sao Paulo, 
Brazil. 

Alvis, Edmund B., 308 N. 6th St., St. Louis 1, Mo. 

Ames, Adelbert, Jr., Dartmouth College, Hanover, N.H. 

Anderson, Banks, Duke Hosp., Durham, N.« 

Anderson, Edwin 514 W. Ave., Warren, Pa. 


Univ. Med. Center, Indianapolis, 


Anderson, Thomas W., 1110 Harvard Ave., Seattle 22, 
Wash 

Appelbaum, Alfred, 5905 Pacific Bivd., Huntington Park, 
Calif, 


Apter, Julia T., 1902 Indianapolis Bivd., Whiting, Ind. 

Armetrong, Richard C., 595 Colorado St., Pasadena 1, 
Calif. 

Ascher, Charlies K. W., 2914 Vernon PIL, Cincinnati 19, 
(thio. 

Askovitz, Samuel 1..*° Ophthal, Research Lab., Albert Fin 
stein Med. Center, Northern Div., York and Tabor Rds., 
Philadelphia 41, Pa. 

Atkinson, George S., 307 let Ave., E., Oskaloosa, lows. 

Atkinson, Walter S., 129 Clinton St., Watertown, N.Y 

Auten, Hanford L.., Hitchcock Clinic, Hanover, N.H 


Bahn, Charlies A., 1210 Maison Blanche Bldg... New Or 
leans, La. 

Bahn, Gustav C., 1210 Maison Blanche Bidg., New 
leans, La. 

Baird, |. Mason, 511 Med. Arts Bidg., Atlanta, Ga. 

Baisinger, W. F., 2010 17th St., Bakersteld, Calif. 

Balazs, Endre A., 30 Chambers St., Boston, Mass. 

Balding, Laurence G., 101 S. Madison, Pasadena 1, Calif. 

Ball, William L., 514 W. Srd Ave., Warren, Pa. 

Ballintine, Elmer J., 10515 Carnegie Ave., Rm. 224, Cleve- 
land 6, Ohio. 

Barber, Acleta N., 1542 Tulane Ave., New Orleans, La. 

Barkan, Hans, 2400 Clay St., San Francisco 15, Calif, 

Barkan, Otto, 490 Post St., San Francisco 2, Calif, 

Harnett, Irving F., 30 N. Michigan Ave., Chicago 2, Ill. 

Barrere, Luciano E., Acieclo Villaran 356, Lima, Peru. 

Bartlett, Robert E., V.A. Hosp., Los Angeles, 

Hassen, Edward J., 70 BE. 66th St., New York, N.Y. 

Battles, Morris L., 370 E. Town St., Columbus, Ohio. 

Becker, Bernard,’ 640 S. Kingshighway Bivd., St. Louis 10, 
Mo. 

Bedell, Arthur }].,' 344 State St., Albany, N.Y. 

Heetham, Wm. P., 108 Bay State KRd., Boston, Mass. 

Bell, Dudley P., 411 St., Oakland, Calif. 

Hell, Richard P., Jr., 11621 Detroit Ave., Cleveland 2, Ohio. 

Bellows, John G., 30 N. Michigan Bivd., Chicago 2, IIL. 

Benedict, Walter H., Shelbourne Towers, Knoxville, Tenn. 

Benedict, Wm. L.,? Mayo Clinic, Rochester, Minn. 

Benson, Clifton E., 245 4th St. Bidg., Bremerton, Wash. 

Benton, Curtis D., Jr., 15 S.E. 16th St., Fort Lauderdale, 
Fla. 

Berens, Conrad,? 708 Park New York, N.Y. 

Bergmann, Robert B..° 1225 E. Montauk Hwy., West Islip, 
N.Y. 

erry, A. Erwin, 1866 Teaneck Rd., Teaneck, N.J. 

Bettman, Jerome W.,' 2400 Clay St., San Francisco 15, 
Calif, 

Billings, Robert J., Jenkins Arcade Bidg., Pittsburgh 22, 
Pa. 


' Attended 1954 Meeting 
* Honorary Member 

* Life Member 

* Sustaining Member 

* Educational Member 


Bizezell, James W..* Borden Bidg., Goldsboro, N.C. 
Biake, Eugene M..*? 303 Whitney Ave., New Haven 11. 
(enn, 
Hlankenstein, 
waukee, Wis 
Biazar, Howard A.,* Hospital of Univ. of Pa., Philadelphia, 
Pa 
Biedi, Frederick C., Univ. Hoep., lowa City, lowa. 
Hicomberg, Louis, 508 Home Savings & Loan Bildg., 
Youngstown 3, Ohio. 
Hicomenthal, Sanford 912 FE. State St., Sharon, Pa. 
Hicomfield, Sylvan, 1010 Sth Ave., New York 28, N.Y. 
ium, John, 44, Boulevard des Tranchees, Geneva, Switzer. 
land 
Roland, Wm. T., 378 W. Church St., Elmira, N.Y. 
Boles, W. M., 1206 Pere Marquette Bidg., New Orleans 
La 
Bonadia, 
Konner, Wm. R., 


Samuel S.. 208 EF. Wisconsin Ave., Mil- 


Calogero,* 1822 70th St., Brooklyn 4, N.Y 
+ W. White St.. Summit Hill, Pa. 
Rorley, W. F., 655 Sutter, San Francisco 2, Calif. 
Boruchelf, Saul A..* 118 BF. 19th St... New York 3, N.Y. 
(,corge WwW 146 W indsor Dr., Nashville, Tenn. 
Boyd, James L., 10 Edwe Hill Rd., Glen Cove, L.1., N.Y 
Reyer, Harvey K.,* Dept. Ophthal., Univ. of Calif. Med 
(enter, San Francisco, Calif. 
Boyes, Truman 654 Madison Ave., New York, N.Y. 
raley, Alson F.,' Univ. Hoep., lowa City, lowa 
Brandenburg, K. C.. 110 Pine Ave.. Long Beach 2, Calif. 
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Brennan, James W., 88 W. Utica St., Buffalo, N.Y. 
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Tierra, Puerto Rico. 
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lohn P. Wendland 
Frank W. Weymouth 
Richard H Whitten 
(eorge N. Wise 


Samuel I. Askowitz 
Harvey K. Bowyer 
Vineent J. Ellerbrock 
Wm. Fubank 
Morris Feldstein 
Michael Priseh 
Bernard Goldberg 
Alfred Golden 
(,orden Heath 
Altred F. Lahr, Sr 
Altred EF. Mamelok 
Maxwell A. Mintz 
Howard Naquin 
V. Quilala 
Anita A. Suran 
Roy W. Teed 
Claude W. Trapp, Jr. 
Sheldon Zinn 
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ALABAMA 
Hiemincuam 
Alston Callahan 
Joseph M. Dixon 
Thomas O. Paul 


Mosite 

A. V. N. Mortensen 
Mon 

Charlies A. Thigpen 
Tusxrors 


Horace G. Dwiggins 


ARIZONA 
Tucson 
Sherwood P. Burr, Ir. 
Cecil 8. O' Brien 


ARKANSAS 
Lirria Rocx 
K. S. Goagrove 


CALIFORNIA 

Clinton FE. Hart 

W. F. Baisinger 

Owen C. Dickson 

Merton C. Flom 

Gordon G. Heath 

Filwin Marg 

Kenneth B. Stoddard 

Gordon L.. Walls 


Beveety 
Julian Gunzberg 
Robert Hare 
A. Ray Irvine, Jr. 
Rodman Irvine 
Wendell C. Irvine 
John P. Lordan 


Milton R. Rubin 
Theodore Steinberg 
Dwight H. Trowbridge, Jr. 
Richard H. Witten 


Huntincrow 
Appelbaum, Alfred 


Lowe Heacn 
K. C. Brandenburg 
Robert G. Thronburgh 


Los ANGELES 
Samuel V. Abraham 
Clarence H. Albaugh 
Robert Bartlett 
Glenn O. Dayton, Jr. 
©. H. Ellis 
Michael R. Frisch 
Deane C. Hartman 
Monroe J. Hirsch 
J]. Myron Middleton 
Lioyd Mills 
Robert A. Norene 
Maurice W. Nugent 
Wm. A. Pettit 
Emile M. Ravdin 
Alfred R. Robbins 
Walter L.. Roberts 
J. J. Sitney 
1. G. Sommers 
Paul Tower 
Herman Weiss 
Frank W. Weymouth 
Warren A. Wilson 


GEOGRAPHICAL LIST 


Unitep STATES 


Frank Schwartz 
CJAKLAND 

Dudley P. Bell 


Levon K. Garron 
Homer P. Howell 


Patm 

Vernon A. Chapman 
Pato 

Owen R. Tanner 


PASADENA 
Richard C. Armstrong 
Laurence G. Balding 
Ralph S. Riffenburgh 


RicuMOND 


Meredith W. Morgan, Ir. 


Riversipe 
Walter J. Crawford 


SACRAMENTO 
Ulrich A. Fritechi 
Tohn Gray 
Theodore Holstein 
Arthur R. Kahler 


San Direco 
George L. Kilgore 


San Francisco 
Hans Barkan 
("to Barkan 
Jerome W. Bettman 
W. E. Borley 
Harvey K. Boyer 
George 5S. Campion 
Frederick C. Cordes 
Joseph W. Crawford 
Samuel Engel 
Max Fine 
Helenor C. Foerster 
Thomas G. Hall 
David ©. Harrington 
Margaret Henry 
Michael J. Hogan 
George N. Hosford 
Rafael Jakobovits 
Arthur J]. Jampolsky 
Samuel J. Kimura 
George 5S. Lachman 
Wm. K. McEwen 
A. E. Maumenee 
Miriam Miller 
Dawson A. Mills 
Dohrmann K. Pischel 
Frank H. Rodin 
Alan J]. Rosenberg 
Robert N. Shaffer 
Joseph G. Smith 
Anita A. Suran 


San Joss 
Phillips Thygeson 
Daniel G. Vaughan, Jr. 


Saw RAFAEL 
Farle H. McBain 


Santa Bagpara 
Michel Loutfallah 


Santa Maria 
M. EF. Mesirow 


Santa Monica 
Cecilia Ross 
Robert A. Smithson, Ir. 


Santa Rosa 
Samuel D. Aiken 


VaLLeyo 
Frederick W. Hebbard 
H. Randall Madeley 


Van 
Bernard Davidson 


COLORADO 
(ame Carson 
Robert L.. Forrest 


( 
Lawrence O. Haney 


Denver 
Denald H. Rourke 
George 5. Tyner 


Geann Junction 
James P. Rigg 


CONNECTICUT 
Beivcerort 
Fdward DeWitt 
James M. O'Brien 


(,REENWICH 
Donald Tinkess 


Hagtrorp 
Dewey Katz 
Milton F. Little 
Arthur C. Unsworth 


New Haven 
Fugene M. Blake 
liona K. deSuto- Nagy 
Leon Stone 
J. Alexander Van Heuven 
Arthur M. Yudkin 


DELAWARE 
WILMINGTON 
Davis G. Durham 
District or CoLuMBIA 


John W. Burke 
W. Paxson Chalfant, Jr. 
John R. Fair 
Dorothy B. Holmes 
John H. King 
William C. Owens 
Walter J. Romejko 
Benjamin Rones 
John T. Smith 


FLoripa 
CLEARWATER 
Harvey J]. Howard 


Fort LAUDERDALE 
Curtis D. Benton, Jr. 


(,AIN ESVILLE 
Charlies Pinkoson 


JACKSONVILLE 


T. N. Kirkland, Jr. 


LAKELAND 
Marion W. Hester 
Wm. M. Kummer 


Beacu 
K. W. Constantine 


GEORGIA 
ATLANTA 
J]. Mason Baird 
F. Phinizy Calhoun 


Phinizy Calhoun, Jr. 
H. C. Crawford 
Gregory Flynn 
Alton V. Hallum 

P. T. Manchester, Jr. 
}. Jack Stokes 

W. Granville Tabb 


Fort Bexnwine 
G. David McClure 


SAVANNAH 


W. W. Buckhaults 


West 
lames C. Morgan, Ir 


lpano 
POCATELLO 


Wm. L. Clothier 


Twin Fatss 
Morton Cutler 


G. FE. Hartenhower 


Joseph FE. Alfano 
Irving F. Barnett 
John G. Bellows 
Vv. Brown 
Earl A. Courvoisier 
Jack P. Cowen 
Beulah Cushman 
Tames R. Fitzgerald 
Walter de Francois 
(,eorge (Cruibor 
Joseph S. Haas 
Paul Hurwitz 
Wm. M. Jones 
Arlington C. Krause 
Peter C. Kronfeld 
Wm. A. Mann 
Aaron A. Mannis 
Samuel J]. Meyer 
Wm. F. Monereiff 
Glenway Nethercut 
Frank W. Newell 
Maurice D. Pearlman 
Irving Putenney 
Faward A. Pushkin 
Kenneth L. Roper 
Milton M. Scheffler 
Theodore M. Shapira 
David EF. Shoch 
John J. Skowron 
Hiram J. Smith 
Daniel Snydacker 
Manuel L.. Stillerman 
Stanley D. Swiontkowski 
Derrick Vail 
Stefan Van Wien 
Robert D. Vickery 
Virgil Wescott 
Theodore N. Zekman 
Sheldon Zinn 


EVANSTON 
Thomas D. Allen 
Wm. F. Hughes, Jr. 
Gail R. Soper 

La SALLe 
Edward Gallardo 


Macomea 
Charles L. Weston 


Parx 
John E. Flynn 
Georgiana D. Theobald 


Promta 
George J]. Wyman 


MEMBERS 


Rock 
Roland I, Pritikin 
Wuincy 


David M. Rouse 


INDIANA 
Merrill |. Allen 
Henry W. Hofstetter 
Alvin L. Henry 
vVANSVILLE 


Thomas W. Wesson 


HamMMOoND 
Hedwig S. Kulbn 


INDIANAPOLIS 
Robert T. Allen 
Edwin W. Dyar 
lohn |. Flick 
Robert W. Harwer 
Bernard |. Larkin 
Robert | Masters 
Hamilton 1). Row 
Cyrus W. Rutherford 
Theodore F. Schlaegwe!, Ir 
Caryle Slabaugh 


Fred M. Wilson 


Mouwct 
Jean W. Morris 


New CasrTte 
+Arthur B. Burnett 


SoutTHanp 
1. Vernal Cassady 


WHITING 
Julia T. Apter 


lowa 
Rarins 
Carl A. Noe 


Filmer Weih 


Des Motnes 
Arthur H. Downing 


lowa Crry 
Lee Allen 
Frederick C. Blodi 
Alson F.. Braley 
Hermann M. Burian 
(,ordon 5S. Christiansen 
1. Leinfelder 
Bernard Schwartz 
Glenn L.. Walker 
Arthur ©. Wise 


MARSHALL TOWN 
(nie D. Wolfe 
(itis R. Wolfe 
Russell M. Wolfe 


(JS KALOOSA 
(eorge 5. Atkinson 


Sioux City 
James E. Reeder, Jr. 


KANSAS 
ATCHISON 
J. Bribach 


Kansas Crry 
Larry L. Calkins 


SALINA 


Max 5S. Lake 


Kentucky 

loseph D. Heitger 
Harry A. Phingst 


LOUISIANA 
James J. Burdin 


New 
lames iH Allen 
(Charles A. Bahn 
Gustav C. Bahn 
Aeleta N. Barber 
Wilham M. Roles 
Wilham B. Clark 
Julius Finkelstein 
M. Haik 
Leebkert, Ir 
ertha Riveroll Noble 
Rebert Schoel 
H. P. Vogel 


Maine 
lay K. Osler 


Paul Maier 


Richard H. Dennis 
Howard Hill 


MARYLAND 
Hat timomr 

Clyde A. Clapp 
lomas S. Priedenwald 
Kaowles, Ir 
Angus L.. Maclean 
Howard Naquin 
Lowese S. Rowland 
Roy ©. Scholz 
Alan ©. Woods 


Wm. M. Hart 
Ralph W. Ryan 
Frederick L. Stone 


Sitvers 
Louis R. Lang 


Massac 
Hoston 

Henry F. Allen 
badre A. Balazs 
Wm. P. Beetham 
Virgil C. Casten 
Paul A. Chandler 
Julian F. Chisholm, Jr. 
Daveld G. Cogan 
Fdwin B. Dunphy 
Jaseph Cansberg 
W. Morton Grant 
Tryave Gundersen 
Varker Heath 
Marie A. Jakus 
Juanita P. Johns 
Sumner D. Liebman 
lames |. Regan 
Wm. F. Ryan 
Charles L. Schepens 
(,arrett L.. Sullivan 
Laszio Varga 
i Verhoeff 
Fritz A. S. Wachendort 


Wilham Stone 


( 
(eorge Wald 


AWeENce 
7. William Colson 
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Sreinoriern 
Richey L.. Waugh, Jr. 


W oncester 
Wm. F. Holzer 
Roscoe W. Myers 
Perey T. Whitney 


Micwioan 
Anns 
Harold F. Falls 
FP. Bruce Fralick 
John W. Henderson 


Jack S. Guyton 
V. Everett Kinsey 
W. Lepard 
Walter RK. Parker 
A. D. Ruedemann 
A. D. Ruedemann, Ir. 
Herman D. Searney 
H. Saul Sugar 
Carl Wachtl 


Rarivs 
Ralph H. Gilbert 
Robert G. Laird 
John McRae 


Jackson 
Wm. BE. MeGarvey 


SAGOLA 


Alfred Dean 


Saint Claim 
John O. Wetzel 


Jack EF. Weih 


MINNESOTA 
Peeous 
S. Palmerton 


Hobart C. Johnson 


MINNEAPOLIS 
Walter H. Fink 
Malcolm A. MectCannel 
Francis M. Walsh 
John P. Wendland 


Roc 
Wm. L. Benedict 
Tohn W. Henderson 
Theodore G. Martens 
Kenneth N. Ogle 
Wilbur Rucker 
Charles Sheard 


Pau 
Edward P. Burch 
Hendrie W. Grant 
Robert H .Monahan 
Robert R. Tracht 


Misstssiret 
Jackson 
Samuel B. Johnson 


Charles F. Clark 


Missount 
CLAYTON 
Milton R. leraecl 


Jerrenson Ciry 
Harry Stauffer 


Kaweas Crry 
Wm. R. Eubank 
Albert N. Lemoine 


Albert N. Lemoine, Jr. 


A. W. McAlester, III 
Joseph W. McKee 
James T. Robison, Jr. 


Saint Lowts 
FAmund B. Alvis 
Bernard Becker 
lames H. Bryan 
Kyron H. Demorest 
H. Rommel! Hildreth 
Wm. M. James 
Vhilip S. Luedde 
Robert D. Mattis 
Dexter Meyer, Ir. 
Paul W. Miles 
Lawrence T. Post 
Martin H. Post, Ir. 
Harry D. Rosenbaum 
T. E. Sanders 
Frederick O. Schwartz 
Philip T. Shahan 
Wim. EF. Shahan 
(laude W. Trapp, Jr. 
Howard P. Venable 


NEBRASKA 
Hubert O. Paulson 


(JMAWA 

Harold Gifford 

John H. Judd 

rank FE. Lipp 

W. Howard Morrison 
Robert H Rasyworshek 
Wm. H. Stokes 
Charles M. Swab 
Stanley M. Truhisen 


NEVADA 
Re NO 
(eorge KR. Magee 


New Hamrsuine 
Raymond G. Ingalls 


Hanover 
Adetbert Ames, Jr. 
Hanford L. Auten 


New 
Par« 
James A. Fisher 


Attantic City 
Samuel M. Diskan 
Halvor L. Harley 
Robison D. Harley 
Joseph R. Weintrob 


Bounn Broox 
Abram Levy 


George Meyer 


Fast Owance 
lohn S. Cregar 


HACKENSACK 
A. B. Spiegelglass 


Crry 
Alfonse A. Cinotti 


Newark 
Emanuel I’. Rosen 
A. Russell Sherman 
Ethert S. Sherman 


Passat 

Thomas V. D'Amico 
Fdward Ehrenfeld 
Richard E. Lang 


PaincetTor 
Henry Abrams 


Snoer 
G. E. Fonda 


Paul T. McAlpine 


Teaneck 
A. Erwin Berry 


TeenTon 
Erwin Sacks Wilner 
(seorge B. Sharbaugh 
Arthur 5S. Wilner 


New Mexico 
ALBUQUERQUE 
Jack A. Dillahunt 
Albert L.. Schonberg 


Los ALAMOS 
John L. Goff 


New Yorx 
ALBANY 
Arthur J. Bedell 


Bay Suone 
Frank R. Bussey 


Hi nGHAMPTON 
Harry G. Walling 


Calogera Bonadia 
Mortimer Cholst 
Joseph M. Dolphin 
John N. Evans 
Austin |. Fink 
Ralph I. Lioyd 
Joseph Mandelbaum 
John H. Ohly 
Abner 5. Rosenberg 
Benjamin C, Rosenthal 


Charlies H. Addington 
James W. Brennan 
Rudolph G. Buckheit 
Angelos Dellaporta 
Fdward A. Fial 
James G. Fowler 
Sheldon B. Freeman 
Alfred Golden 
Wm. M. Howard 
W. Yerby Jones 
Ivan J. Koenig 
Thurber LeWin 
Alfred F. Luhr 
John P. Luhr 
Ange 5S. Naples 


K. Elizabeth Pierce Olmsted 


Herbert R. Reitz 
Benjamin Smallen 
Alvin Tabankin 


(CORNING 


Parker M. Hoffman 


Wm. T. Boland 
Far Rockaway 

Harry Horwich 
(tens Fatss 

Maxwell A. Mintz 
lamestown 

Myron B. Franks 
KAWANWNA 

(Gustave A. Daluiso 


LANCASTER 
Milton A. Palmer 


Loc KPorT 


Dante J}. Morgana 


Cove, L.! 


James Boyd 


Hemrstreap, 


Eugene T. Buckley 


Lone Istano City 


Ernest K. Shapiro 


New 


Edward J. Bassen 
Conrad Berens 
Sylvan Bloomfield 
Saul A. Boruchoff 
Truman L. Boyes 
Arnold 5S. Breakey 
(joodwin M. Bremen 
Henry N. Bronk 
George Z. Carter 
Ramon Castroviejo 
A. L.. Chambers, I! 
(jraham Clark 
Helen G. Cole 

John G. Cole 

F. H. Constantine 
Brian J. HH. Curtin 
Robert M. Day 
Arthur G. DeVoe 
Zacharias Dische 
William B. Doherty 
Tohn H. Dunnington 
George O. Emerson, Ir. 
Sidney 5S. Epstein 
Benjamin Esterman 
Robert R. Feinstein 
Morris Feldstein 
Franklin M. Foote 
Benjamin Friedman 
Isadore Givner 
Bernard Goldberg 
Dan M. Gordon 
Loren P. 
LeGrand H. Hardy 
Isaac Hartshorne 
John M. Hill 
Fdmund Kahan 
Herbert M. Katzvin 
Daniel B. Kirby 
Arnold Knapp 
Arthur A. Knapp 
Phillip Knapp 
Willis S. Knighton 
F. L. Philip Koch 
Abraham L. Kornzweig 
Bernard Kronenberg 
Joseph H. Krug 
Joseph Laval 
Arthur Linkez 

Tohn M. McLean 
John P. Macnie 
Alfred FE. Mamelok 
Arthur A. Marcus 
George R. Merriam, Jr. 
Henry Minsky 

R. Townley Paton 
Brittain F. Payne 
Charles A. Perera 
Adolph Posner 
Fenn T. Ralph 
Algernon B. Reese 
John J. Reid, Jr. 
Andrew deRoetth, Ir. 
Hunter Romaine 
Ludwig von Sallmann 
Samuel L. Saltzman 
Bernard Samuels 
John J. Sauer 
Walter 5S. Schachat 
Lewis Schachne 


MEMBERS 


Abraham Schlossman 
Denald M. Shafer 
Olga Sitchevska 
Byron Smith 

James W. Smith 
Stuart S. Snyder 


Frederick H. Theodore 


Richard C. Troutman 
Ervin A. Tusak 
David H. Webster 
Maynard C. Wheeler 
(,eorge N. Wise 


NtaGama 
Arthur ©. CGoetzman 


ATTS#U RG 
Edward Sie el 


Koc 
John F. Gipner 
Macy L.. Lerner 
Herman J]. Norton, Ir 
Ovid F. Pearson 
Albert C. Snell 
Albert C. Snell, Ir 
T. Sullivan 
Rome 
Frederick K. Reid 
Rye 
Frank Carroll 
John T. Simonton 


SARATOGA SPRINGS 
Thomas |]. Goodfellow 


Sc MENECTADY 
Peter S. Sykowski 


Syracuse 
David F. Gillette 
I. Herbert Katz 
James L.. MeGraw 
Searle B. Marlow 


Vattgyv Corrace 


Mrs. Edith L.. Wentworth 


Cumming 


Warsaw 
John W. Leachman 


Watertown 
Walter S. Atkinson 


Lawrence Henderson 


Weer 
Robert B. Bergmann 


Nowra Carorina 
ASHEVILLE 
Robert E. Odom 


(amr Leseune 
John G. Watkins, Ir. 


Hires 
Frank Winter 


( HARLOTTE 
Henry Sloan 


Banks Anderson 


(,OLDSRORO 
James W. Bizzell 


Winston Salem 
Lawrence B. Holt 


AKRON 
John V. Sullivan 


ALLiance 
(jeorge King 


ASHTABULA 
Carl |. Streicher 


CINCINNATI 
Ira A. Abrahamson 
(Charles K. W. Ascher 
Albert I Brown 
Donald |. Lyle 
Wilham L. Metowan 
Horace Reid 
Rarnet R. Sakler 
Cyril Sechrimpf 
Fdward H. 1 hom 


( 
Robert L.. Alexander 
Eimer |. Rallintine 
Richard P. Bell, Tr 
Samuel R. Brandwan 
(serhard A. Brecher 
Abram B. Bruner 
Francis X%. Rudd 
W. P. Chamberlain, Ir 
Donald H. Chickering 
Hymer L. Friedell 
jerome A. Gans 
Morris Gane 
Anita P. Gilger 
H M Hardesty 
lames Hare 
Fimer F. Harvey 
Mark W Tacoby 
Lorand V. lohneon 
Roscoe |. Kennedy 
Robert C. Kirk 
Saul Korttler 
Paul G. Moore 
Paul Motto 
Kussell J. Nicholl 
Wm. A. Nostk 
lohn W. Patterson 
Josephine D. Phillips 
Albert M. Potts 
Juhus Praglin 
Robert S. Rosner 
Cerald Schwarz 
Irwin H. Stolvar 
(harles |. Thomas 
Kenjamin J. Wolpaw 
Robert C. Nelson 


Morris L.. Battles 
Arthur M. Culler 
Vincent J. Ellerbrock 
A. Fry 
Wm. H. Havener 
(.eorge W. Knox 
Robert H. Magnuson 
Torrence A. Makeley 
(,eorge T. Stine 
Ted Suie 
Roy W. Teed 


Herman H. Insel 


Fdward R. Thomas 


Carl Ellienberwer 
(,eorge Miller 


John H. Graham 


Totepe 
Schmer! 
lohn D. Skow 
Hernhard 
Frank A Vesey 
Ira B. Winger 


Hetowres 
Herman C. Weinherg 
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W 


John H. Thomas 


You sastows 
lions Bloomberg 
John L. Keyes 
Wm. H. Evans 
Wm. E. Sovik 


(OKLAHOMA 
ALVA 


Jaroud B. Smith, Ir. 


McALeeTer 
Robert C. Feameter 


NoeMAN 
George A. Wiley 
TuLea 
Otis S. Lee 
Thomas L.. Orment 


COREGON 


(George C. McCallum 


PorTLanND 


Charles W. Browning 


1. B. V. Butler 


Leonard Christensen 


Roger M. Flanagan 
Leta B. Gehreitz 
Tohn Harris 
Merril J. Reeh 
Kenneth C. Swan 
Thomas F. Tathot 
FE. Merle Taylor 
Kenneth Oakley 


PENNSYLVANIA 
AsoMone 
Adolph W. Vogel 


Thomas D. Duane 


John K. Covey 


BeewicK 
Joseph V. M. Ross 


Mawe 
John S. MeGavic 


( 
George H. Cross 


Clyde H. Jacobs 


Fai 


Norbert F. Atherstadt 


George FB. Martz 


LANCASTER 
FE. Gerard Smith 


Fdwin F. Tait 


PMILADELPHIA 

Francis H. Adler 
Samuel 1. Askovwitz 
Howard A. Blazar 
Soloman S. Brav 
Alfred Cowan 
Samuel L.. DeLong 
Bernard Gettes 


Harry L. Gowens, Ir. 


Harry Green 
Joseph W. Hallett 


Wm. E. Krewson, III 


Irving H. Leopold 


Prank C. Latman 
Robh McDonald 
Carroll R. Mullen 
Warren S. Reese 
Harold G. Scheie 
C. G. Shannon 
Edmund P. Spaeth 
Isaac S. Taseman 
Robert H. Trueman 
Joseph Waldman 
Virginia L.. Weimar 
William Zentmayer 


PirTssurcH 
Robert |. Billings 
Robert H. Davies 
Thomas M. Evans 
Sol Goldberg 
Phillip Grana 
Franklin D. Hoffman 
Jay G. Linn, Ir. 
Jay G. Linn, Sr 
Murray F. McCaslin 
Joseph F. Nowak 
John S. Plamer 
Abraam Steinberg 
Harvey F.. Thorpe 
Charles W. Weisser 


READING 
Paul C. Craig 


SHARON 
Sanford R. Bloomenthal 
Ransford J, Riddle 
M. Wilson Snyder 


Summir Hite 


Wm. R. Bonner 
TOWANDA 

Willis A. Redding 
WARREN 


Edwin R. Anderson 
Wm. L. Ball 


John B. McMurray 


Ruope 
PROVIDENCE 
H. Frederick Stephens 


COLUMBIA 
Walter J, Bristow 


Soutn DaKora 
Thomas H. Willeockson 


TENNESSEE 
KNOXVILLE 
Walter H. Benedict 


Memruts 
Phillip M. Lewis 
Ralph O. Rychener 


NASHVILLE 
George W. Bounds, Jr. 
Kate S. Zerfoss 


Texas 
AMARBILLO 
Terry H. Jacobson 
Edward D. McKay 
August J. Streit 


AUSTIN 
H. L.. Hilgartner 
Samuel N. Key, Ir. 
Carey Legett, Ir. 
Robert M. Rothen 


( omrt 


s (meter 
Far! K. Gill 


DALLAS 


Fdaward H. Cary 

Carroll W. Browning 
Albert E. Meisenbach, Jr. 
Maxwell Thomas 


Fi. Paso 


Fort 


Robert N. Caylor 
Stephen A. Schuster 


Hoop 
Arthur L.. Chambers, Il 


(,Al VESTON 


Wendell D. Gingrich 
Wm. B. Potter 


Houston 


Mc At 


Port 


Louis Daily, Jr. 
Norma B. Elles 
Everett L.. Goar 
Kdward W. Griffey 
lacob F. Schultz 
Thomas |. Vanzant 


LEN 
Berton F. Frink 


Louis C. Heare 


urn Fisio 
David V. L. Brown 
V. A. Byrnes 


Saw ANTONIO 


John L. Matthews 
James L. Mims 


Temrie 


Provo 


Everett R. Veirs 


Lewis W. Oaks 


Sact Lake Crry 


Homer E. Smith 


VERMONT 


BuRLInGcTon 


John C. Cunningham 


VIRGINIA 


ALEXANDRIA 


Henry A. Imus 


PorTSMOUTH 


Rudolph P. Nadbath 


KRicuMonn 


R. H. Courtney 
duPont Guerry, III 
L.. Benjamin Sheppard 


ROANOKE 


Charlies A. Young 
Charles A. Young, Ir. 


W 


H/ H. Metjuire 
Wm. P. McGuire 


WASHINGTON 


Clifton EF. Benson 


Loxovisw 


Robert V. Hill 


SeATTLE 


Thomas W. Anderson 
A. George Hanson 
Carl D. F. Jensen 


Wood Lyda 


SPOKANE 


Amirew F. M. deRoetth 


Tacoma 
James F. Ward 


Watta Watta 
Ralph W. Stevens 


W ENATC MER 
Claude K. Miller 
Milton G. Radewan 


Wesr 
( 
Harry V. Thomas 


HUNTINGTON 
Albert ( M Esposito 
Charles M. Polan 


W isc Onsin 
Maptison 
A. Buesseler 


Mit 
Samuel S. Blankstein 
F. Herbert Haeasier 


Maurice Kadin 


ARGENTINA 
( ORDORA 


Alberto Urrets Zavalia, 


Hawatt 

Wim. J. Holmes 
Herbert G. Pang 


Puerto Rico 
Puerte de Tiera 


Honorto F. Carra suillo 


SANTURCE 
Roberto Buxeda 


MEMBERS 


CANADA 
Alberta 
pMONTON 
John W. Duggan 
M. R. Marshall 


Manitoba 
Norman [.. Elvin 


(/ntarw 
DON 
Charles Dyson 


NitaGama Patis 
R. F. Eager 


loron To 
Alfred | 
Cordon H. Hawks 
Clement McCulloch 
Alexander Mac lhomald 
Rey K. MacDonald 
Hugh L.. Ormeby 
Morris Shusterman 


Oucbe: 
Mon 
Pules Brault 
Roland Cloutier 
lohn C. Locke 


R. J. Viger 


Crry 
Henri Pichette 


British Columbia 
VANCOUVER 
Howard Maliek 


lames F. Minnes 


Hawta 
Cesario de Andrade 


MinAs 
Antonio I. Dasilva 


SAO Pauto 
Moacyr F. Alvaro 
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